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(54) MAGNETIC DETECTION ELEMENT AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem that 
effective track width becomes larger than optical track 
width when track width becomes 0.2 jam or less in the 
conventional magnetic detection element. 
SOLUTION: When the distance between upper and lower 
shield layers 45 and 31 in a region that is overlapped 
with first electrode layers 43 and 43 and is not 
overlapped with second electrode layers 43 and 43 is set 
to GIs, and the distance between the upper and lower 
shield layers 45 and 31 at a position that is overlapped 
with a center C in a multilayer film T is set to Glc, the 
difference between the GIs and Glc is set to a specific 
value or less, thus reducing the effective track width E- 
Tw. 
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fre,fci>T8M?A";'?Bi. SSt«ttH. flrE£3£«tt 
B <t <D3EmS^K*l= * l J »<b^ IS] *<@S * *i * 
14B. IMB1S*mB. &i/«<tA<*ffl!at#Mc«L£M-r 
•S^'J-BteB^L, WlIBT»^-v^^B±lcaB* 

*L*^Bist. ffiiB^Biai=S3SE*tt*s-r*fc*^«* 
ffjffi^BM±»i/fiiEmffisp±^aB**L'5^ 

te#&*^fc-&±6Mf-V":/:?B£, ffjE±ffl** ^B 

±izaB*^-5«tt^* N &^*- taJ * >_;1 ' KSt$ * 

fMfttafff*. fiilSH^BlSI-m'iC-&fUS&^/*fcl*«F 
K£BK<BS5fi««I«l^ h^v*«reipll=HrS<BlWIW* 

®*Hfc*iOTt?fcy« ±B<omffiBiai:ffirE-*Jws« 

HtIiE*g»B<BStIB<D5*>. STBromffiBro^-irm'S: 
■5fiJstlcfclt*|1l8H±fiP->-^ KBtfrET«Pv-;u K 
BK<D!E!lt£G I s. #JK^BI®ro**<tm'S^<4SI- 
fcl+Sffl8H±8|Jv-;U KBtfflETSBi'-^ KBfHlOTffi 

lutEG i s <t g i cro^rofit*, iaft^ttisi^rosaii h- 

KB«t, c©T»'>— JUKB-tl=»B**i*«Ml*t» 
fre.fc.&TgR^A'^Bi:. KSfcttB, fflERliffite 

-&:7'J-»i4B£Wl~ «UETffl5^-v->^B±l=WB* 
*i*>£BIS<fc. fflE^BISI=«3S*««&^*fc» ro ^ 
BP*. ffJlE#BISJ:&tflttlEm«8iU:l-«B 
14tt&fr£>fc-5>±SP*-v-;/?B<!:. iKIE-tSP*^ v ?B 
-tl=»B **i*»tttt*W» e, £§±95 v-JU KB <t £W 

fflEmffiSBI*, flfiB^BSI-S'SC'5>^«&i;/*fcli^ 
IB£BKa>iS5fl«SIl£l-. f«^l=BfS<OWPRS 

I^hfctffltfcot. ±B©SffiBI5i:SiJE-«rom 

tiro s ^ *;/ ? ig^iaiOTfisiHitf** < £*t.-c*s y . 

ffiE«»BO>mffiB<D 5 *»«T® <DmffiB±<B-ffl <!: . 

fi8ssTB<om«iB^a)m«B±<o^'cro«ist^a-5 

Sf6JtB*^fi£**i. 

BilfiES&BromSiBOT 5 *>STB<8mffiB<B*<i: W*ZZ> 
&®X'&-3T. |irl5f£!SB<tSfc*fcl^#l~a3lt£>ffJ 
SE±SP*>-;u KB<tS9ETfiP->-VU KBIBOEMftG l 
s, MIE^BKro**<!:StCi)<aSl^fcl-t^BlFE±SP-> 
— Jl/ KBtfilETSPv— ^ KBIKNOSB&^G I ciLfc 



[»#iS3] iii is g i stiwEG i c<r>m$. G I c 

— 2 0 nm^G I s^SI c + 9 O n jSfct"fiSffll- 

[H*3S4] fltFEG I sfcffiTEG I c<0fiS£, G I c 

— 20 nm^G I s < G I c + 3 0 n m$ i«fc^"®ffll- 
K3Tf 1 ^fcl*2 l-SB«E<0»ft«iaB*^o 

10 [SS*«5] MEG I stltEG I c<Dfi*£, O. 6 
7<GU/Glc^2. 5 0^5Sfc-r«SHI-lft^-rS 

[W#3g6] 1EGI stiffiGI c(DM. O. 6 
7 <G I s/G I c^1. 5 0^5Sf=-f«SHIC|ftS-r* 
»3)tJS1 fc^L4(Dl^:hAM::tE*£a)«£t&!il£t ; ?-. 

[»#JS7] MEG I s tlirSEG I c(Dfi&£. G I s 
>G I ck*%&*&1 tt^L6©lvf;hJW=tB«a>*. 

[W*«8] MEG I s£MEG I c<Dfii£. G I s 

20 = g i cfr-sa^JST&^Leo^-r+vAMrEKroa 

[8**^9] MEG I s £MEG I c<7>fil£. G I s 
<G I c <t-r<&IS*3l1 fcl^L6fl>lvj-jh.*M=E«<D« 

;u KB t . ZBTUir-* KB±«=WB**i*«»tt« 
JftA^fc-STSP^-V^Bi:, JSltKttB. ffJE&5£» 
ttBi<OSE»S^«#l^<fc y Wk^lSlA^^^tv^BS 
«14B, #«M£*mB. at/WkA^a50E#l-»L^Sl 
30 t'S^'J-IltlStL. |trSBTSP^f-v>^B±l^aB 

ztiz&mmt. ffirta^u-KttBrowb^isi*-^ 

(S]|c}fi^-5>fctti(D/\— K/U7Xlt. ffJE/N— K/W 
T^.BI-«'S-5fitSI-»)a*HfclWE^BKI-fE3!l^« 
*&-r*fcto<DSffiffl5i:. KIE^BBI±at/fl!lE««8n± 
l-«B*H€.iifeJti4*t^t>'S«>-tfiP^- , !'^^® i: ^ * 

->-JU KBt ^■T'5>«Sl«aa3R^I=*5t ,l T. 

«rE«a»i*, iwre*B«i=s<c*fi«&tf/*fci*f 

40 BBIt-C»Ji£*ttfc->^romffi*^*'i>«*B* < S«Ba 

B^^tfctro-efcy^ ±sromaBi5i:fiti8B-«romffi 

ffl©«IBA<, WSS7 'J-»ttB<Ofi«®<!:IISmLr^£ 

*feltllE5 'J -«14B©«BSit 6* 
nmClTro/WTXTifeB^UrWraU-C^ 

50 [18*^12] ffrffi«»BCDm«BI*±BromffiBI5 
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£\ HE^BISSffiKSFfifcsFffiirnEStlBOTHaSSi 
[M*3S13] HE«»Bro«tiBI*±B0>m*IBI5 

«®0D/W h^lpKOftftS^A^ HE£B&OT/W 

[is*«i5] HEtsaBromsBro^STBrom 

ffiBOTtttt^W. Ta. Rh. I r. Ru©lv***l*M 
«*fcli2flJJLt£U STBOmffiSKlM-romSBro 
*W£Cr, Cu. Au. Taffl^fiK^ia$fcl*2 

[&#Jg1 6] (a) »«±(=T»v-^KB, th 

**<;<?B. &t/»sngstas^*is-ri>^Big^fiEisi 

(b) HE£B&±I^ L/yxhBS»*t5I§t. 

(c) HJ6H^BM<751lrlSU5?X KBlCfco-ca^-C^ 

XhB^^-r-5Xg<t, 

B£HE£BBIXtfHEm 1 !SI±I^Mt4XS 

(f) HK£«ro&ta^isiK>tf Li5r£<Da&*>^ HE 

% 1 S«B-hl=S2<Dm«B*JSK-r«)Xg<b. 

(g) HE'J7 K*?m«>HEU*:?:*>B£»**-6l 

(h) flE^BK&t/m2MB±l=±a5^rA'^^B* 

fiEis-r-sxgib. 

(i) |ilE±a5^w^B±l-±ePv-^KB*Ji6K-r 

[f*#]g 17] HE ( f ) <DXHi::fcl+&HEi9r3£a> 
WE (d) ODXgl=fclt^>R(TSroftS<J: 

a. 

[»#JSi s] HE m roigicfcivc. HESn 

m*BroMJ5«fc y 2 (omffiBroKi?^© < -r am* 
igi 6*fci*i 7 icEKroffliassaifR^-ostjt^aj. 

CW*«1 9] HE (g) ©Ht (h) oxsrofa 

(j) wyjX^SProBfiK^ttfcy? K^-^fflroui?^. I- 
B^ME^®M±A^KIcfl$jS^*ifc«»Bfflm«B<D 



5*>£±B«>m*IB±l=*MtTff2J5fcU HEfi±BG>m 
tiB±l-£e>l-»l0>m«B£, HES«roj£«g^|Sll-» 

-f^AM-EWrofc&fciUf&^-OTSiit^jiU 
[|||*3S2 0] HE (j) 0>l«l=J3lvc. fjE»J© 
mffiBSfifcHt" Sir#rofi£Kfta*» HE»J0>S*IB0> 
TBa)flHSB5fi£K-r-5i:#<0fiEK^S«i: l J < 1" 

■s»#js i 9 izEi£ro«a«5asm^ro$stj£^a« 

[|»*«2 1 ] USE ( j ) <DXgl=J3lvC. HE9KD 
««B<DflSJ5£. HE»l<omi$B«>TBa)mffiB<nKJ? 
J:y tJ?<-r*iS*Jl1 9£fc(42 OlcEKWiBSt&aj 

[S(M2 2] HE (f) ©iStfE (g) 0)11 
rora. HE (g) (DXgirHE (h) ©xa©iuu £fc 
liHE (j) OJXgirHE (h) OXfKDHlcfc^T. 

(k) HEfiTBfl>m«IBJ»l*1-<0^'C©««B<D±ffi 

*»5»£«B*jaas-r-5xs$*-r*iii**i 6*lnu 

2 1 ©U-fftAMcEtEOllSUSaiSS^ OTKJI^S. 
[IKM2 3] HE (h) roiliUiB (I) OH 

( I ) HE£BIS;&t/«»BJ&j£**vfcm«B<D5*»* 

TB<omsB±o-fiptS'S:*«uai-. wya^spo^ 

irJtju^A^iai^&HEiSP^-vy^Bil-. HEST 
B<D«ffiBJil*1-roflffiB±©^-r(D««^«5*fe»B* 
fiEKf-SHI^-f 1 6 4UL2 2 0Hvf=h.A\ 

CiEKO&ft&itiSt^roglit^&o 
[|»*«2 4] HE (c) fflll©«. HE£BK<D 
ffiffiijCi/x— K/W7*.B£fiEISLfc&, HE (d) OX 

-chess i mffiB^jaK-r-sxg^s-r^H* 

JS1 6fcl*L2 3<DlvT*v*M::Ett<Dfi£«&ffi^-<0Si 

[|«*«2 5] HE (d) ©Xfil=fcl*-C\ HESM 
m«B<D'W K7jl3)<Ojlfrft*£, HE#BKO/N-f K 
^|SlO)aftfi$J:y^<BfiE-ri)»*«1 6ftlM24 

(DLN-r^tftM^EJKroffiSiestiiSft^rossijt^iii, 

[»#Jg2 6] HE (d) ©IltfeUt. HESM 
m4iB03»S*W. Ta. Rh, I r, Ru©5%l^f 
WMS*fctt2aEi±iL. fflffi (f) . (j)©X 

sicfc^THEm 1 m«BKm«>m«B<B*m£c r . 

Cu. Au, Tafl)?* 1 L>fi|liMa*fcli2l6l±t 
•T-5)B!*^1 6§1>L2 5 0)lvf*ubMcEt£<D?8St&ai 

Nt*a 2 7 ] HEa»B<Dm«Bro 5 *». stbo 

««B©*i«tt««**fcl*. HE«»BOTm«BO 
5*>STBrom«IBro^-tS'S:-5>^Ja"efcorHE*feS 
B <t a# t> fcl^ffittlc J3lt HE-hfi»v-;U KB ^ H 
ETfiP*>-^KBIW<0ffiK*G I a. HE^BISOT+ffe 
i: S -SiSg I- It *HE±fiP v-^ KB «»: HETSP v 
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— ;uK»!BCDiEtt£G I c t Ltzk£\z % 

[fS^3S2 8] tfflSEG I s <tSSKG I c<Z)fit£. G I 
c - 2 0 n m^G I s <G I c + 9 O nm^lfctKi 

[|»*3S2 9] iffiG I s tJftSBG I cCDfit£. 0. 
67^Gls/Glc<2. 5 O^ja^-riEBI^SS^ 
*HS#Ji2 7£t::l±2 8lcSBK<Da5ft«dim^S*it^ 

[M*3S3 0] ffr&G I s ctffTlSG I c(Dfii£. G I 
s > G I c<b-r*IS*9[2 7 3S^L2 9CD^"r*l/)McSE 

[f«*3S3 1] ffJlSG I sktt&G I c(DfiI£. G I 
s = G I c^-r^)l«*3S2 7^l>L2 9C0^-r^lCSB 

[1S*3I3 2] t"l!S G I s £SUbBG I c(Dfit£> G I 
s<GI ci:-ri)H*ll27^^L29<0t>*r^lcSB 

[0001] 
[0 0 0 2] 

[tt*a)ftffi] B2 8i*tt*a)«ft«B***E»*»* 
t (D*flfi)® fill^ t> ^tc Br® S "C fc * e 
[0003] B2 8U:**«*«aj**--cii* TSPv- 

^19±|:T*B1 0S<Htfia«ttBl itf, 
x*«lc«<»***i. x*«©*ibW*fiJt«ttIli 
1 d 1 f£ltSefflLT»dt**L-Cl^«o fit 

zaftflLfeKSMffltBl 1±IC @5£5Ste@1 2. ft 
&te3ISB 13. 7 U -ttttB 1 4 . St/Ml 1 5 
»J***u Ti&Bl OfrbftKBl 5fefl)aiW^ 

[00 0 4] R5£«ttB 1 1 \tP t -Mn 

[ooo5] «triBHS«ttHi 2fi*t;7y— »ttm 

4 1*. Ni-Fe ( — t;4rJU-*) Co (=3/*;U 

h) . Co-Fe (3/\>h-«*) Co-Fe- 
N t**«£-C»***Tj3y. WIMH8ttW«B 1 3 

i*. cu («) ftifa)**»trta)«i^tattt*«*t»^ 

[0006] -tLTlS2 8lZ^v^-^5l^> HasX^fill- 



6. S£«teBi 2. MMHMUn 3. ltf7'J-» 
te@ 1 4CDfiffilc^itr. c r <tife»***tfc«HBK 

[0 0 0 7] 7<D±|C|*« 0i)x.l*Co-P t 

10 m i 8*<»fli**fci^*. 

[0 0 0 8] A-K/W7XH 8(*!2^X*(S] (h^ 

i=»a**uTj3y. /n— K/W7xn 8 

^bO)X^lS]^<7)/<-f 7*«*l::«fcy* 7'J-IW4S1 
4 <DflB<b I*l3^ X ^IS] \zffl 7L b *lT ^ h o 
[0 0 0 9] *fc/\-K/U7XBl 8±lClt Ta4 

(D + ra@1 9<D±lC. Cr. Au. Ta, WttjfCXfJft 

[0 0 10] *blC. $BR1 6&l/«ffi»2 O-tKlft 
20 *«»*&tt*±»***^B2 1^91^ 

»3bNP,44±»*-V 7?12 1±!Cjia5i>-;UKS2 2 

[0 0 1 1] -ZTf. «tt)B2 03^»fiE**tTl^ttl^ 
111 6 (D±@CD$S^^. 3fe^K77^B^O- 
TwT-fey. $111 6<D**£«fc*tt«l-fci+«-t 
gpi>-;u KB 2 2 £T£Gv-;u KB 8 WKDEJBA^-v v 

[0 0 12] 

30 KE«BflE<b*<*-r*-rSt^. *g!5$iffi& * 

fetoic, asi^aiis^^-v^^SG i $-£-f£-r$s< 

i *«<-r*fctf>i::i4 % T»4rv^B9*i;±«Mr-V' 

[0 0 13] L^L. SI 2 8lC^£ifrfcJ:5&ft*<0& 

»tta«^<z)«it-ei*, ±su^^^B2 io>»jaiiiI3 

I*. £Bffi1 60)&M 1 6 a (ttgl2O0||I2O a 

i:i=«k-3riBHl3&<»***tr^*. zoss±ici±±ffl5 

»^^?I2 1 <3ffiJ?£'h£< LT^< CCDS^ 
±ic±ffl^-v v yfS 2 1 3b^JSE**il^ < < * y . ±fiPv 
-;u KB 2 2 <t m«B 2 0 0>rB*<«ftMI-fi» u*-r < 

[0 0 14] «ai»fta)E»h7y^©mi=* 
4ta» s 7 <7 ^ c, *±r *e»»(*^ t> om&tf&& 
teaiSm^gAu 6o^fi"jspi^jfit>fiiaicfc 

ttdiiR^a) k ^ * ? aatf K ^ v V tf ^ ^WPH^JE 

50 l+mi, «*tf h^^«****0. 2/imlU±T*fe^> 
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y^-IBKHtiBKfty* «ltil*tmfl>IESK7 < y^A' l b<DK 

LT<-&«#ro*££ro«l£A<;*:£<fcy. 
h 5 -J 1 *S^5SA<3t^M H 5 V £ O - T w J: y 

E«t$M*0>iSEtlffi£<bK*WC *«<«:«^l«3 M 

[0015] **Bji±±iEfie*fl>ss^«*-r*fc*<» 

[0 0 1 6] 

tt«m*&&«T*2/— Jl* KB*. ECTiV-* KB 

S5i«14Bs ffIEJRa«ttBi«)SE»JS^«*l=«fcy« 

ft^»B#l=»L*B-r*7 l J-BttB**L. EE 
Tff4F*9 7B±l=aB£;h.«*BIRJ:. EE£BKI~ 
«3tt««i-r*fc*<D««»4:. «rE*BB±*Tfl»E 

St. WE±»**v^B±l=«B**.*Btt*r»*& 
«t*±Bi^-iUKBirt*"r*«««a»*l=*«' % "t« 
EEttBBIi. HE*BBI=Ba:*ii«atf/*fcl*E 

is it Tff^ja * 4xfc-M©«ffi*' i & & amaB*<«»s* 
<d h?'y^ffl^isi©MPHA < **< **vrfey. ee«» 

BroBBBfl)?*. BTBO)BBB©*i:Bft*BJ*l= 
fcl+«TOE±ffl->-^ KBfcEETBS'-* FBM0B 
JSt£G l s. |«E#B««)+*t«**tt«l=fil+*B 
E±ffl->-^ KBfcBETfflv— * KBI«<dBB*g l 
c£Lfc£#l~. EEG l stG l c<7)g<0fia£. 1891 
ttffiB-f-roSUaf-^vfffl^o. 1.7 /imi:ft*fflJSiT 
icRJTT S w i: -5 4. «> 

[ooi 7] flEBTBOTm^BI*. BE*BDI«>Hti 
lcP81$LTi9:ltt>*i.-i>t<Ofca>'e* EESTBOTStiS 
©»i:SJS:*«Wl3fcMti»«rE±»5'— ^ KB t WET 
gp.>_ juKBMOEBG I sl±. EE£BHa>S5ffilifi® 
l=fclt&BE±»S/-^ KBtWET»*>-^ KBW© 

[0018] ffrE0Sisros<iiJifi^i-fci+'SWE-ta5i> 

— ;u KBfcfFETBS/— iU KBWKOEB**** < 

BE±»S/-iU KBtBETBS'-^ KBOIH&I 
or. fctiJSttKDEEK^s/ ^flJ^fflJOESK^'j''!?*' 1 

<<ty, nat)h i 7-v£'i | gA < *#<fc-5. 



[0 0 19] UK. BB-*-**3l=. EEG isiGl 
c OTg<0E>!><*£ < tt« t BftatUXro JEM h?*^ 

[0 0 2 0] **$T?(iEEG IsiGl c©S05fit£ 
R)f£05fllJaTi:-r-5-i:l-«fcor. TOE^BBOSBffilifi 
«l=*5lt-5EE±»*>— ^'KBtEETfflS/— ^.KBB 

SO. 1 7 Jf mfiLTI^I?**. 
[002 1] fc«U WE^BH©H«ifi«SI=fcl+5E 
ga±S?v-JU KB£EETEi>-JU KBIBOEJt*** 
<-TSt. lWE#Bfll«065«r=»«+e>*v. fflE^BfSI- 

ma«a*«E-r*«aB©BW*»<-<-*«B4<4 

[0022] -ec-e. *»sh-ci*, EE«a»*t-7v 

6tt*««B*<«»B«B**i. ±B©«aBK*EE 

t-r3,^tl=«feoT. EE*BBtifi«H=fcl^-CliEE* 
SESSKflSfiSU WE^BHfr&tttifctwfc-T?. E 
SEflffiBSaftBfllB-r-SCtlCcfcoT:. EEmffiSP© 

&B£:*#< LTl**. 
[002 3] C05$S£. BE*B««>B«ififtl=J3l+* 
EE-tEv-;i> KBtEET8?'>-^ KBI»«t* 

•5. 

[0 0 2 4] WE^BKififtCfcl"* 
TI*HE«a»*»<»B"C**«>"C* EE#BK©a 
S £ EEmSfflcOfiiJ® t l~<fc •oTteiSS*.-S8££<£ < 
■e#So ftot. *E±»*+f :7B<DKSS'h* < U 
Tt. c©RB±l=«E±«**v^B2M«l=»B* 
H-S«fc5l--C#-5o EE-tEv-JUKBtE 

EmaB«trora<©ssiMS«&*«fc y*»=rejt-c*4* 

[0 0 2 5] *fc, *BBIi. »«±l=. «tt«»*6 
^•STfiPv-^ Kit, ^<73TSPv-;u KB±I=BB* 
ti*EEtt*t'»3* v 6tt*T»^rW^Bfc» S3iffl!14 
B. EESSt?H4Bi:<7)5Egie^»^l=«tyWt*lSl* < 
@S**t-5@S»1±B. #«tt*t**B. at/»<bA<M-«P 
«JW=**L«»"r*7y-«ttBt*L» EETfiB^-v 
v^B±l=«B**i**B«fc. ttE*B«l=mat« 
<SS-Ti>fcttromaffl5t. EE^BK±Xi;EE«a8P± 
lzaJB**L<6Eatt»»* N & 3 S*-tSP^r-v^^Bt. E 
E±SWf -V ^B-hl^WB **i«Btt*M** 6 «*±» 
v-iUKBt^^-r^EflltttlHR^lcfe^-C, MESS 
951*, «E#B«l=B«:4«**tf<*fcl*EE#BIB 
<&SHt!l«iisSlc. \-^v^^^~^<0N\^Wi-XB 
*S*ifc-»<Dma^6tt*«*B]W»*B*B**ifc 
t©T?fcor. ±®(7)maBIS<t*EE-*t<0SffiCDh7 
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Ltzk£\z s fiJEG I stflfltSG I «Sl 

[0026] *#bet*i*. S?lBtt»®a)B«®a)5*,S 
TB<BSaB±<B-ffl^ fltJE&TB^SaB&JK&S 

3b K^^^ifS^^/^uxiB (PW5 0) CiRSLfti^ 

[0 0 2 7] fflEG l s<tlliJEG I c<DfiI£. G 

I c-20nm^G I s^G I c + 90 nm^jgTct" ffi 

I s tffiSBG I cCBfii£. Glc-20nm^Gls^ 
G I c + 7 0 n m?iSfcteilcK$t^ I <!: "Cfc^o 
£*lc#*L<l£. WIBG I sirflfrfEG I cG)I^ G 

I c-20 nm^G I s<G I c + 3 0 nm*jSfc^"IS 

[0 0 2 8] fcaiM*. fflEG I s irfflEG I c0)l 

o. 67^gis/gic^2. so&mtz-tmm 

s<!:ffrEG I cOU, 0. 67^G I s/G I 

2. 1 7%mtz-fmm~WL'£-?z^tX'&Zo 

£L<I*. ffillSG l s <tlfflEG I cCDfit*. O. 67^ 

g i s/g i csi. so^^fe-rffiHi^K^-r^z^ 

[0 0 2 9] ftfc\ ±i£LfcfltlKG I s^lftEG I c CD 

mommftT*. «jeg i stffiEG i c^ts, g i s 

>G I ctLtt, G I s=G I ctLX^j. G I s< 
G 1 c t LX^j^I^o 

[0030] g i s >g i cxfoixit* iitrE^BJgoM 

«iS«l3fe(t*«rlB±»v— ;u KBi:fl?rlBTfflv— )i> K 
ft) *y*#l*. 

[003i]Gis=Gic -efetiiS. ffjE#BK<0ffi 

;uKBi«rET»i/— ^KBiBOEJII (^7? 

ft) l=«Ll*. 

[0 0 3 2] G I s<G I ctttll fiijE£BJg<7)ffi 
«5fi«l3felt*«rE±»*>— ^ KBfcfTET»->— ;u K 
Bra^S&Slli. ItE^BK^attftW^fi'+iWEi 



ft) <fcy/h*t%. 

[0 0 3 3] *ftV)i** S«±lc. B1£*mfi*& 

^^TfiUv-iUKB^. dOTSflv— ;uKB±C:»B£ 

B. TOESS»«14IltO««tt8*at*l-cby»k*Rl4« 

ajucstLftn-r*^ 1 ;— «tt»**i^ utrETSP^f-v 

I/lffllsmffiSP-t lc«B * ti s fettttttK* 6 ft * ±9* 
*y7mt* ffiE±aP^^^B±lw«B$*L*«tt» 
»^6ft*±»i/-;uKlitt*-r*«»»ffl*^fc 
ivc, immmmw*. ira*Ji«i=Kft***xtf/* 

[0034] **wei*. he^'J— «tt»©«ft*W 
^-S^r^i3fflx^ffi*^BL^«tt»^* N ^ft^^- 

[0 0 3 5] L^L. /\-K/W7^ItBt>4fc, - 
<D/\- K/W7^ii:I4*ttltl>BtMt»*L 
ft<Tliftbft<fty. tfJE^BflStf>a®<tll5E«aS& 
(D«lffii:lCj:oT»rt*3lx4S»* < K<fty- -t«Mf* 

30 ? ztmfmn\~i&A**ii~ < < ft*« 

[0 0 3 6] *«WCI*. TOE«a»*K^^^*B*Rl 
lcRft<DMI«tll|l+r»**4ifc-»©«*^6ft4« 

nitfiMm«ti. ±iia>m«Jii5i:*rE-»«>« 

tic* or, mE ^ BKififis i ^ liffiEmaa* £ * 
<»*u UEM«fr6Wtfct=%-e. itiEmaB 

-*l::<fc -a "C. H5Ema6fl<BKJ5£:*: 
[0037] tto-c«MH-ci** MBHIilMl-£^ 

40 -ciifiEmafflj^SK^jST^^o-e. fiE^Bigcoa 
s <t itjEmaapcDfli]® £ ir * o r »«**i*s»*(s < 

■C#. ZOB»±lc*E±»4f^v^liOT«t-»«* 

Emas <»r y 5tni-KitT* # s «t 

5icft£ 0 

[0 0 3 8] ftfc. lWE/\— IfrE^B 
««0)«BA^ I^IE^y-^ttB^^I I J®i:^t}^}$LTl^ 
*fcliTOE7U-«ttli«>«Bi**ttW»^& 
ft£MJ?1 n mttTO/ W 7^T*i t* Lt»S L t 
50 ffiE/\- K/W7^ltire7'J-llM<« 
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ftMlc»SM*£fty* $S14*<«-reD^»*LLN 0 

[0039] ffjE«&Bo®tsBi*-tBom*iB 

£ R»*<« < ft 4 Z. t Ll^o 
{0 0 4 0] *fMB"ei*, fflE*£»B<DmaB<7> 

■5^STB<D«ffiBG>/W h^fiKDJWr**** WE£ 

■■o/vr h^isjon^fi* * y s < -r * - 1 iz± y . 

[004 1] ftfc\ 1i(rE«»B<B««B<05*>* ffIE£ 

a. Rh, I r. Ru0l^ft*ia*fcl*2ai3Lt* 
♦mfcLTffilV *TBO*aBl2l*®*aBI** itS 

l*2«l2Lt*«»i:LT*«^4^i:^»*L^. 
[0042] HMh7^^Wtt.'fllx.tf. :7jH*^v$ 
-Juz>r>( )\,&\z.£vXm%*1\Zo JUT. ?;Uh^ 
<7^P^r-f ;i/&lcoivC02 7 *#WLtt*<&tt8B^ 
4o 

[0043] E»«#±ic«ft*ai*^Ra)*T-«*y 
t,fii£a>E« h ^ '^«wwoeb v^vi vmtt E 

a>ft-T4. ■ 2 7©±«lC***lTl* 

4o 

[0 0 4 4] ^OU£IS*Oli±a»*Jl4i:. ESh 

^^©**A^&JII*i4f--3*tTIS±ffi*l*«<ft4^i: 
A<*7^4o 

[0045] w^a»±a>w*ta*^**«a)5 o%<t 

ttWPaatfjSP bfcfclt4*£fa<t X»£0>£££. 
*4i«f*i]ftP c. £Pd£-f4o j§Pct^Pd0)Ma) 

sistAir^Pa^iSPbraos&xt sa>mwm 

ft«a*^a>*»K7^ffi£ft4o ::t\ Xiao* 
til*. ^ffi«B=E« K9v*awwfcft4*5f::«* 
^■T4c 

[oo4 6] **w©aft«u**a>«jft*ai*. 

(a) »S±lCT»v— KB. TS^^^I. Xtf 
^Sifitaam 4 * Bffi * dtK* 4 ii <t . 

(b) IHE*BK±I^. bvXhl^fttSxai, 

(c) tte^BHOttEU^X KBf::£oT«47*iTl* 
ftl*«*£M4xB£* (d) WE*BHI-»ft4«« 

at;/*fc(*«E#B«a)BS«iiB*i=. v^vziosn 

lc»f*«)BII»t«H-T»***ifc->*«)tt«*6*«« 
im*£B£. «TE*««)ai»*fill-«LBf3Ea>ftflE^6 



B*WE*B«atfWEm 1 t«i±t»*ttxi 
(f) WE»«0)tt«»«l-»LHf3Ea)ft*^&* 

MEm 1 s«b± i zn 2 omss *.««-r 4 xg t . 

(g) IKE'J 7 h^JBOUSJx hB*»*-T4XS 

(h) «rE^BK&T/S2««B±lc±.»*-v^^ 
B*i«mi-4xa < b. ( i ) t&E±«Mf* v:7B±l=± 

»*>-;uKB*dwr«xai:. ^n-dr^at 

[0 0 4 7] U5E ( f ) <DXglcfcl*41fflEBr3e<DftK 

10 we (a) a)xai-tei+4Hfa©Aa*y**<» 

JL, SSE (f) 0Hi:fc^T, «TE*l«aBa>« 
[0 0 4 8] *fc. I5E (g) (0xa<t (h) oxa<0 

nnicjsivc. (j) «ya^spa)^**tfcy ^ kti-^ 

mcDLsV* hB*l»E^B«±^6KI-»J«**ifc*» 

Ba)mffiB<D : 5*>s±somffiB±^(tr^jSL. su 

E«±Bo>*aB±i::*&l-»]<B« s liB£* fflE&ffia) 
ft«*rifi||c»LHf£a>fiEIKft*^&*DIL. *0&flJE 
20 UvX HB 4X8* 1 [hJJUJl^oT * £L> 0 
[0 0 4 9] ft fe. WE (j) OxaicfcUNT. fflrESl 

<&«ffiB£j£is^4£#oj£K#S£. mEsijcomtiB 
(DTSon&m&tfLmirzk ^cr>f&mn&^ y < 
u *fc. t»Eaa>m«B©«»** suEsi]com®BcD 
TBcom^BoMB * y t» < *r 4 c ±rA<#* l 

[0 0 5 0] «TE (f) OXa<bffilE (g) OX 

aam* ibe (g) oiitiiE'(h) oxaoftiL * 
fci*WE (j) oxa<twE (h) a>xa©iw=J3i* 

t\ (k) WE«TBom«BJa*o£Tom«BcD 

30 ±Bt»5«tB*iw«"r*xat*-r«ct*»*L 

[005 1] *fc.'«E (h) (DXgiffiSa ( t) OX 
aortic. ( I ) WB*Baxira«B»***ifc«« 
B05t*TB0aa»±0-»fc*ft*«*l^ 50 L J 

L. «TE*«^»L»»*fil^&mE±»*-V^^B± 
lcffiESTBomtiBm^OSffiB±(D^:Ta)^im*a 

5it«B*ja«-*'*xat*-r* = fcaw»*L^. 

[0 0 5 2] ffifE (k) OXaXt/ZXIiWE (DO 

40 xat^r-rsafttttt*^****^* -3 ^**** 1 
fcaaaia*^!*. imE«TBa>w«aa*©««B± 
a>4T(oa**«3lft»B^»J*4*i*a)"e. ^issk^ 
^^a^wt/^xa (pwso) icfeSLftt^^i^ 
*5L>r, ijE±»->-^KBt«rE«aBta)nBa)«ft 
w«a**ya»i=BiSJt-c#«. 
[0053] MR-eB/m (c) oxaoft. we 

^BffiOK«lc/\— K/W7^i*tILfcft, WE 
(d) ©ill: i-DtUEK 1 l«l*«it4iat 

50 [0 0 5 4] ffiTE (d) (7>XglCi3l/>-C. 
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h*S0>IM5** «fc y.* < »dW * - Ll N o 

[0055] £fc. toe (a) ©xaice^-c. toes& 

IfSS^^W, Ta, Rh, I r. R u OH^f *l 

fri«*fcl*2«Bl±iU TOE (f) . (j) 
iCfclNTTOISm 1 lil^^iffil^JC r . C 

[0056] ±B**wa>atft«a*^©«a* 

Slcftlvc* TOE«»Btf>mtIBa>5*>. ftTBcDmffi 

■a*fcStt«flWL *fci£TOE«*&B<Bmffis<*>?*> 

TOE±«v-A>KB£TOET 
fflv— ;uKBWO)ffilt*G i s. TOE^BUKE+A^Il 
ft*tt«l=*5l+*TOE±»->— ^ KB^TOETffli/— 
KBWKDffi«tG 1 ci:Lfc<!:&lc. TOEG I stG I 

[0 0 5 7] &*IM*. TOEG I s <tTOEG I c (flM 
Gl c-20nm^GI s^GI c + 9 O nrr\&M 

fc-riEH. TOEG I s<hTOEG I c^M, 

0. 67^Gls/Glc^2. SOSSfctKil^ 

[0 0 5 8] ±iftLfcl&B"C* TOEG I sirTOEG I c 
<&fit£G I s>GI ciLtt. Gl s=G I ctLX 
G I s<G I ctltt(tt\ 
[0 0 5 9] 

[0 0 6 0] H1"CI*. T*feB3 3. JRitStttB 3 4 . 

m i os^KttB 35a. i^»tt*mB 35b. m 2 <D 
atitB3 7a. iMnt4>nn a 7 b , si^u-kub 

[006 1] £BttTO>TBl-l** *« (IBS1*"D ± 

■f) S^Lt, T9v-^KI3 1. T»^7^i3 
2*<fiER**iTl**o 

[0 0 6 2] ^BMT*03SSiattB3 4li@^X^fpl 
irSfiSJu 3(7)&fciSaP3 4 b(0±Ii:B£IfiS3 5 

3tM»tt*mB3 6<zxn®. &t/«20)^ , j— at 

ttB 3 7 a (DflflSlCg LtCr, Ti.Mo.WSOMo 
so tt£fl=J: ot/W 7*TifeB 3 9 jMBjaSJiTl**. 
/W7XT*13 9<D±lcl** «*.l*Co-P t (a/^ 
ilh-e*) ^Co-Cr-Pt (n/<;UK-<7P 
A-S*) **ttifC»J***tfc/\-K/^-fTXll4 0 



[0 0 6 3] A-K/W7XB4 0±l:tt, Taftifa) 
ffl|S4 1CD±lw. Cr, Au, T a , W, R h . I r. 
SHSB4 2, 4 2tfM*tltWo 

[0064] $nsi42, a z\t. ^mf&romm 

4 2±lCliCr. Au. Cu, T a £ ife»SK**tfc« 
21SI4 3, 4 3tfSlSfiXtl^oS2iai4 

3, 4 3 1*. mim«B4 2, 42j:y. -«a>«a<D 

[006 5] JIIKDSI, 1 11S14 2, 420) 
M$2iS§4 3, 4 3 0*ffil3|* % ±SMf* 
7?|4 4*lfllS^ ±»^v^B4 4±lCl*±» 
v-Jl/K4 5A«*HTL^. ±SP->— JUKB4 5 
I*. J*«lft«M*»^&a**liB4 6lcJ:-3T«*3*t 
£ 0 *fcl*. ±ffli/-;uKB4 5<D±l3E»ffl<D-<>^ 

[0 0 6 6] T»v- ;i/KB3 1 . T«Mf*?:7B3 
2 . TlfeB 3 3 . &fttt1£B 3 4 . SSt&ttB 3 5, * 
&tt*mB3 6. ?'J— &14B3 7. ftKB3 8. tU 
7XT*I3 9, A-K/W7XH4 0, *raB4 1. 
851««B42. «2lgf43, ±9^7^14 

4. ±SPv-;uKB4 5. ;&tf#KB4 6l*x/W£;£ 

[0067] TSPv—JU KB 3 1 Rl/±»*>— KB 4 
5I±N i Fettifa)«1t»»*»^T»J«**l*. 
fc. T»i/-^ KB 3 1 &t/±ffl5 v-;U KB 4 5 l±«<b 

<ttf*?£Ll> 0 Tfflv— ;UKB3 1 Xi/±»i/— KB 

[006 8] TSMf -V 7^i32, ±M*r * V ?M 4 
4. fi.t/ffiffiB 4 6 li A I 2 03 -V s S i'02tt±fCDSBBtt 

[0069] TtfeB3 3i4T aja^^ffl^r^js-r^o 

Jfc3$EM4B 3 4 I4. PtMn^l X— Mn 

(tct£ LXIi. Pd, I r , Rh, Ru, O s , Ni, 
F e 0)1^*1^ ia*fcl*2SJ2l±a)5c*-Cfc*) 

■e. $>&IM£P t— Mn — X' (fcffLX' I*. Pd. 
I r. Rh. Ru, Au. Ag, Os, Cr. Ni. A 
r, Ne, Xe, K r Olvftl* 1 *fcl± 2 «m±(D7C 

[0 0 7 0] ^ttt>o^*l4. iSHEaaJttBB^I*. * 
»M*<DiE'M**t** (fee) -efe^^. ftfliSlZcfc 

ot C u A u I S<D&!lM<D®'OIE;£flti§ ( f c t ) IZ 

[ o o 7 i ] JE3$&teB 3 4 a>MJ5l£. h^^^ig^isi 

(D*'i>^3£lCfcl>T8 0-3 O 0 A. «xtf2 0 0 At? 
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(fcS o 

[0 07 2] K3*»ttJi 3 4 

0). MEP t Mn**Xt/miBX-Mn©a"e^**L4 
««I=J31>T. P t fc*lM4X)b<3 7-6 3 a t %<D® 
H-eft*Zi3&<»*L^. BlKPtMn^Xi; 

I4X#4 7~5 7 a t %(7)Slffl*eS)^> - £ #«fc L J »* L 

K14J5TF. l2Lh*tt***. 

[007 3] ffc, Pt-Mn-X 1 <DSt"CS***l5* 
*(CfcL^T. X' +Pt^3 7-63at%OtEit$i 
4C±*<ff*Ll\, *fc* ffrSBPt-Mn-X f 0St 
5ft**l***l=*3lvC. X' +Pttf47-57 at% 
05l5HT*$»^>-<t*<J: L J^*Ll^o TfflffiP t - 

Mn-X' CDa^*****^**^^ X' #0. 2 
~1 Oa t %<7>teB^fc£-£tf#SLL x o fc/=L. 
X' #Pd, I r, Rh, Ru, Os, Ni. FeCBl^ 

140. 2-4 O a t %<7)|5ffl'Cfc£C<hMt?* Ll^o 
[0 0 7 4] Z;ft£><7>^&£{$fflL. w^l^^flkS-T^) 

IS, 48kA/m£Jl±. fllx.146 4 k A/m£*g*.*S 

yaatf a s o-cfcaar^wifcRSMttJi 3 4 * 

[007 5] mi SSSttt® 35a &tfft 2 @£attB 

3 5ci*. aatt«im=*y»j«*fr**a^ 

N i F e Co. CoFeN i C o F e * 

4. con i*#ftw=*y»***t«*a>-e*y* « 

|:Co F e$**/=l4CofC<fc y*2ja**i* 

LI*. *fc. SHSBttH3 5a&i;»2lSIttB 

3 5 cl*H-0)*t»-e»rt**L4w4:3Ei<»*LtS 

[oo7 6] */t. jHtttt*nmi3 5 bi*. irattttm 

irj: y^jS**l^4*<0"C. Ru, Rh s I r. Cr. R 

J***lTL^o «fZRulc«fc-DT»jac**i*wi:A<»* 
LL> 0 

[007 7] gH8fS*m»3 614. SSattJS 3 5 £ :7 
'J-^tt®3 7fc0>«ftM*tt**l*itL. 
«3t3b<^lc3(EtLSJB-efcy. Cu, Cr, Au, Ag5 

sliv, wfccuiCcfc-3r»ja**i*ci^»*L^. 

[0 0 7 8] ftl ^U-«81SH3 7 c»tf»«7U-l 

iti3 7ait iiatt»»icj:yfl^ja**L**o-c. m 

Xl4 N i F e Co. C o F e N i C o F e 

con i **<tifi=J:y»J***t**«)-e*y. 

*$1~N i F e^**fc!4C o F e C o F e N i d 

ft|Zcky^**i*Ci:*<»*L^o 
[0079] |HBtt4>IM 3 7 b 14. JHM£*mic£ y 



»rt**l4*©"C* Ru. Rh. I r. Cr. Re. C 

\j<d?*> ia*fctt^*t&©2ajsi±cD*4-e»rt**t 

[0 0 8 0] ftfi!J§3 8I4T a ft££JH l^r»***L 
So /<-r77Ttti3 9$ttii»tfb c c 
ftT) «it-efcSC r . . T i . Mo. W50Mo50ttif 

1MB A&tfA »ittf** < £ y / W 7xa*£*# < -e 

#So 

10 [0 0 8 1] /\— K/{^7*M4 0a>MHT&ttfiT4 aa 
«ffi|0>«!S 4 0 a 14. HSttttR3 5 4>flH* #^»tt« 
3^B3 60)fi!l®. XtfS207'J- Itti3 7 a <D$]® 

^(D^siPiLrfey. m 1 7'j-iittB3 7 commt 

ttttftLTl^fclV 
[0 0 8 2] /\— K/W7X14 0I4I3^X^Ip1 (S^ 
KJMStlTJsy* /\-K/W7^l4 0 
^6fl)X»fi^/W7^B)H:* l J. »2<D^y— a 

f£«3 7 a0)«ftl*BI*X*lRll-»^6*LTt^4 o 
[0 0 8 3] 37'J-«tt@3 7l4. »a^->>hO^ 
20 ££jbW<£<5>ft2(D:7 , J— Bt£§3 7 a tft 1 — 
Bttl3 7ctf. #«1t+IBIi3 7bt*LTa»* 
tl. ft20)^y-«i4B37a<tft1<D^y-^ttB3 

d<Di:#. aft*— h*<*#l^. «*_l4. S27 
IJ-MS3 7 a(D«^lRlA<. A-hW7^i4 0 
A^&**-r*«#0)*RllCfi]#. ftl 7»J-»tti3 7 
c<D«-fb35fil*<. 1 8 0*S»*'lRllC|R|txfcttffllztt 

So 

[0 0 8 4] ft2^U-attS3 7a tmi ^u-ai4 
30 .B37 cCBaib^fltfl 8 OSS^SS^trO^x'ja 

ttttfflica*^. ?U-at£B3 7a)MJ5$-*<-rsc: 

ttB*o»*tffi6*i, *ttnffli*fcya>w»tttt« 
ft^-^> h3&^*<<py. 7'j-«ttS3 7coa^b^ 

[0 0 8 5] »17'J-«6B37c(DB« : E-y>h 
tS2 7'J-Btt!3 7 aOJBft^^hSSL^ 

-tffc^jfcaft*— > > ho^fpj/)<7 y —ate® 3 7 <aa 
<b^Gi£#*o 

40 [0 0 8 6] fct£L. HS«tt».3 5(D«ft*fili:a)H 

^T*tb^i^ : s^--rs<7)i4ft2^y-attig3 7 acoaib 

^fS](D^T?fcSo 
[0 0 8 7] /\— K/W7X1 4 0 14. 7U-BttB3 

7 t«j*-r sft -atts 3 7 a tm 1 ^ y -at* 
g37c05*>, -^(Da^fpj^}gix.st£it-e<fci>o 

01TM4. »2 7'J-BltB3 7 a(DBibS^(D^Sf 
Sx-CLNSo »2 7 , J-BttB3 7 ■ 0>tt1b*nft<-£ 
^(S3lc}|5^t>tlS^. ftl ^y-attl83 7 cl4»^ 

[pj^s^fxtfts^xyattttffit&y. ^y-atta 

50 3 7±{*<7)a^fS]^— S^fS]l^fflxt>ttSo 
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[0 0 8 8] «Hft<D»ffl-ei** n-K;W7XB4 0 
l*B*xafl<D»«»*. £i::«2a>7'J-BttB3 7 
alcJ§-x.^o ttoT. /\-K/W7^i4 0*5«tt 
«B»X«N0)imiMcJ:oT. *17'J-«tt»3 7 

[0 0 8 9] H1"CI*. BJrt — h*<*ft* 

m 1 B£«t£B 3 5 a ifcS 2 BSflBttB 3 5c^ 4m 
tt*MB3 5 b**LT«B*4lfc*a>*<* -OCDSS 
«tti3 5fcltittt*. 

[0 0 9 0] ff 1 i3»U3 5 a ttJk&iBttB 3 4 <t 

IJ. m 1 B£ffitt®3 5 a i:JS:5tffittB3 4<b(7>#?.®lC 

■ 3 5 aO)»ft^lRl3b<H*Y*filJzB3E**L4o SR1H 
SJ8ttJi3 5 a<D«^lPl3b<BI^Y^lRjl3HS**L^ . 
ib. #»tt+M»3 5 bS^Lrafil-f «*2H36«tt 
835c iDBfctfBltf. WE* 1 B^iSttB 3 5a(Dffi 

[O 0 9 1 ] Z0)cfc5lC. m 1 I$lfil3 5 a £35 2 
B£Bt±B 3 5 c a>BHfc*ft*«* JR*MTfctt47x'J«t 

tt«il:4otl^ts mi B£ffif£B3 5 a ^121 
$I(ig3 5 c fc*<HlM::i6Sa>«fl:*fi]*BSL*3 

[0 0 9 2] $1l$KtiB3 5 aMM*^-* 

> h i m 2 @£58ttB 3 5c OffltSi^-^ >^£L^ 
fe-frfc^JttMM— * > K(0*Rl35<BS«ttB 3 5(Dl 

[0 0 9 3] 01 -CI*. S1 i£Ilil3 5 aSl/S2 
BSB14JB3 5 c£fSLC*tn£mi*Tl&f£L* 

[0 0 9 4] *fc % Sllt«tl36«ltfl2M 
B&B3 5 c0>BftB1bl=J:«&ttJl (^ffi^-flBt^) 
S 1 S SItti 3 5 a 2 ISlft i 3 5 c 0) 

■feJU-C#« 0 Z*Uz*y* peatttl3 5(Dl£8ftl= 
(SUafflWH 7'J-iM37© 
«»«<b^a>*#****1*4-t !&<■(?**. 
[0 0 9 5] 7 U — ffltttH 3 7 <D JEttB1b0>2i 

[0 0 9 6] ::t\ 7v» h U— ili. ^^tb^?« 

HEot, 7v» K'J— #0lcifi-3<S 
[0 0 9 7]|tE75/»h'JHt 7U-«tli3 7 



<D«ft(D*lRli:B£BttB3 5<DB5£Bft:a>*fai£*MI 

♦i* t ^ x -r Tf^ 6 0 waicDSt^is y *<iE*t i--e # * < 

5c£lcfty % a ev/<;u LTB*ifc 
[0 0 9 8] *fc. B3EBttB©BS«fl:l=**SB* 
10 ff-e*&< 

•P U-BttB 3 7 rtlcfilt**«Bfc3^ttlf 6*L*«* 
B3EBttB3 5t±Ea)8IB*ia4:-*"* = t 
1= «fc y 3KB^-B#H d £ ISIS H d = 0 £f 4 d £*<T? 

z*Liz*oT7y-BttB3 7nizBB^-e*TB 

[009 9] JHMl4 2fc/\-K/W7^i4 0i: 

Btt«*BCCfc*«-C*. A-K/W7XI40 
20 <Dfl&ft4$teo> sfe-fb * Rfiit-c- # 4 o 

[0 10 0] »1««B4 2i:LTTa*JHl*4»*U: 
14, C r (^ + HB4 1 JSlt^-irlCcfcoTC r (0±S 

[0 10 1] »1lM42i:LtCrtfflL^ 
B*lcfi. T a©*MB4 1 *H:lt4ztlcJ:y. Cr 

[0 10 2] El 1 l^ifiifeBftttB*?!*, L***H>* 

xe>/<iu^H«»«a**-e*y. @sitti3 50) 

30 mitJStMfi* BjElcB^Y^fllcTfrfc^finzBfi* 
*U L^t^U— B14B3 70)«ftA<BjElcH*X*lRl 
lcBA6*urfey. B»ttl35WJ-«H37 
a>Bfc2WKB«lz*«. *LtEftK*^&0»»« 
#lc»U 7U-Wtl3 7<D«<bjWffiSft<SE»lU 
ZO)B{b^lRlCD«Bi:. B3E«ttB3 5<DBS«ft»fil 
£0)B«r*M*tt*«aWbU ca>m««»*©*fti= 
»-3<WE*<blz*y. BBB{t^&0)BtiB*«qfttb 

[0 1 03] fcKU BftttttftOKfl: (Ui*) IzBB 
40 S-^-f £<&ISm2B£&tt»3 5 cO)B1b«Ai:ff 27 
U— BttB3 7 a<D«<b*lR]0«»ftT?&y. Z*t&<D 

[0 1 0 4] *mm<DBBT'\*. $11814 2, 4 2 
<tm2SJIB4 3, 4 3^2B«ji<7)m«ia5^^JSLT 

l^.%it&B42, 4 2*<*BWl::fclf*«TB<0 

[0 10 5] *fc. *BB0)»»^tt. Slt«l4 
2. 42<bf2i«g43, 4 30)5%. tTBOH 
50 iig4 2, 4 2Mi:tti:«ms. SICJ3I+*±B 
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v— jU KB 4 5 t TSP v— KB 3 lfffla>S§8f£G l 
s, ^»BlTfl>**Ct«<i:*««l=i3lt*±»i/-^ 
KB 4 5 tTW*>-^ KB 3 lR8(Bffi»£G I ctU: 
t$lZ* lffiffiG I si:G I cO)ffl)«l^, 
(D&Sto h^'V^ifSE-T wtfO. 1 7 i/nrntfc&fiaJUT 

h^-/<7ifgO-T wrf)<0. 2 A/mlSJLTIw^^t. E — T 10 

w>o-Twt3S:-&«ra3b^fcofcc fcfc. JISTO* 
*c^I4^fiii:fclt^±Wv-;i/ KB 4 5 iT»*> 
-;uKB3 1MKG I d*. i*fc«>*** 

<fc4 o 

[0 10 6] JUtMlCtt* MEG I siWEG I ctttt 
G I c -2 Onm^G I s^Glc + 9 OnmJl 

flJlEG I sirflSBG I cOIS, G I c-20nm^G 

I s<G I c + 7 OnrnZmtz-tmrniZWittZ^hX* 
fe£o *&IC»*U<I*. WlSBG I s^tfflSEG Ic0l 20 

Gl c-20nm^GI s|GI c + 3 Onm^l 
ttt «5ffllcKS-T 4 - £ t? fc £ o 

[O 1 0 7] $>41M*. «tlS2G I s<hffJf5G I c<7)flt 

O. 67<G I s/G I c^2. 50^afc"T«5H 
lcR£-r*Zi:A<»*Ll^. «fcy»*L<l** *TlBG I 

s tfllEBG I c^ffi^s O. 67^Gls/Glc^ 

2. 1 7 *»fc*«HI=RS*& 

£L< I*. lft&G I s irWSSG I c(Dffi£. 0. 6 7< 

G| 8 /Glci1. sosafc^tsnicRg-r*-*: 

[0 1 0 8] m 1 I*. JL&LfcffJfEG I s <ttflIEG I c 
(DflOlEffl-C. fltflBG I s<hfflSHG I c0>fil£. G I s 
>G I ofcLWt, -TUt>*>* SltffiB42(D±@ 

[0109] $lfS@42, 4 2lt ^SSTOil 
lC»»Lr»ltt>*lTt^a)tf. *1 *8i4 2, 42 
©^i«tt*«*SICfelt*±»5/-JU KB 4 5 irTffl* 
~>_,U ^jg 3 ma}EMlG I si*. £BKT<DiH«iS« 
lcjSlt*±»«/— KB 4 5 fcT»«/-Jl* KB 3 1 WO 
EHirl^Cirlztt*. 4( 

[0 110] £B«T©««l36«l-fcl+*±» % >— ^K 
B4 5<tTSPv-^KB3 1WCDEKA<*# 
±fflJv-;uKB4 5iT9Jv-^Kf3 1 <7)fH£iIo 

[0111] sis. «karr**?i^ wsbg istGi 



tSE-Twi,*;£< 
[0 112] **JS0»tt-CI*WEG.I stG I cCDS 

«fi«lcfclf*±»S'-JU KB 4 5 i:TfiPv-;U KB 3 

'[0 113lfcfiU £BffiT(D]35fli]j£#Kfcl*4±£P 
KB 4 5 £T6Pv-;u KB 3 1 HG>EJK£4*d < 
-f 4<t. ^BKT<DSfflll^Klt&*t. ^BHTlciiaB 

»*flWM-4SM m«B4 2(Dmi5$-ai<-r4^^ 

[0 1 14] *S8Jfi(D»ffl-cli. IffifflLS, ^BffiT 

«*ifci:z5(Dma»La)HJ»*. sim«B±i^m2 

*«»£»B*-*C*lcJ;o-C*#< Lt^4. 
[0 115] Z<D*S£. £B«T(D1B«ifi«l::fcl+*-t 
fflJv-;uKB4 5iTfflv-^KB3 HHI<BE«£'hS 
< loo. 8MR*ffl**a>«a«a«*^*<t-*c:t 

[0116] ^BffiTifi^icfe^r. suss 

B4 2(7)filJ®4 2 a £ (Zj: o Tff2J8£*l£>f&S D £4£ < 

-e££o 8ot, ±ffl^-\-y^B4 4(DmJS$-/h*< L 

tt, Z0>«*D±IC±»**V^I14 42OTWI=»J* 

[0 117] fcfc. .*B«TOTlc*frfc*Fli*:«2W 
«B4 3a>W«Mfta>ai¥ffii:3b<ft"r*a0 1 I*. ^BBS 
TasicWi^IirSl m«B4 2<DffIfig»CD}t^® 
<tA<*tftS0 2«):y/J^l^ S2iffiB4 3(D 

lit 21*. mi iii84 2 (Diss 1 1 cfcy»i\> 

[01 18] 02 1*. #*gE<&&2(&3gffl&<Dff£©a>fl8£L 
[oi 19] zoo«*l*ai*W. » 1 a>3SJS<DJ&&0> 

atsittas*^^***^!*. STi^tsi-efc^i 

1S14 2, 4 2±(0-ffli:, S21814 3, 43± 
(D^T^ilt^gEote^BS 0, 50tftef£Z*lTl^ 

[0 12 0] **lfi©»tt"ei*. SSB5 0, 5 OjWfc 
fi£^*L4<DT?. ±»5/-^Ki4 6iIML l Lt(0 

[0 1 2 1] **MW!>»tt"CI** SHSB42, 4 2 
m2m«IB4 3, 43(D5*», S11SB42, 4 
2^^IW«l8t'fcot, ffi»B5 0, 50£Bfc 
6tt^««lCj55l+«±»2/--;U KB 4 5 bTtois—fr K 
13 1 mcOEXt^G I s. ^BBTCD**Ci:mft4fit 
gicfclt4±ffl5v-;u KB 4 5 kTU s s-)\> KB 3 1 M 
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h9?*«*<0. 1 7 

-Tw>0-Tw<t^l>ilS]^Si5o 
[0 12 2] ffltEG I s^ffJEG I c(0m 

£ % G I c - 2 0 nm^G I s <G I c + 9 0 n m£;S 10 

ffifBG I s £tflf5G I c0)fit£. G I c-2 0 nm^G 
ls£GI c + 7 0 n IfcteilcSSf l> ^ i: t 

&3o £ b L < li. WIBG I s^ffllBG I c(04t 

£ % G I c-20nm^G ls^Glc+30 nrnfl 

[0 12 3] fc*LM4. ItEG I s^ffJIEG I c(Di 
$.0. 67^Gls/Glc^2. 5 OSlfctffii 

stfMBG I cO>tt£« 0. 67^61 s/G I 20 

2. 1 7 £»fc*BBlcR56*^6C £blC# 
*L<I*. IffllBG I s^HiJSBG I c0fit£. 0. 67^ 
Gls/Glc^1. SO&mtz-t-ft&\Z«C&1-&Zb 

[0 12 4] *JM60>»ffl-C*. KISBG IsiGIcO 

BBifitt£&l*«±9~>— it KB 4 5 £Tffi*>— KB 

E - T w £ /J n 2 < -T & - £ tfi T? £ 3 o 

[0 12 5] *SHftO)»ffl-C4i. S8SPL£. £ 30 

BBTifi*lcfcl*TI**l*« 1 U #BB 

T^sihfei c 5fl)ta» L(D(»i, mim«iB± 

[cK2m«B£«B-r5-£K<fcoT*#< LTH«. 

[0 12 6] ^(Dgl, £BBTO)H«iS«l::fctt*-t 
SPv— ;u KB 4 5 tTSPv-Jl/ KB 3 1 Ma>EB£'l*£ 

[0 12 7] ^BBTififtfzfe^r. UliB 
4 2^3Kft^-C#^>(7)-e. ^BBTCDHS-irlgima 
14 2 00IB4 2 a «h lz£ oTff2j££*l£®:M D £{g < 40 
ftot, ±g|5^«v^^B4 4<DKJ5£'h*< L 

*^^cfc^ic-e^*o ±ffiv-;uKB4 st 

m«iep l t <&wi<z>m&Mji» t * y «t»=i»jt -c # 4 <t 

[01 28] H 3 * 04. B 5 It **l-?*L*ftH6>& 

3, JS4, BSOattOD^fflOBftttaiB^SIEBJUt 

[0129] H3 0»»*aiB^£B2a>BftttaiB-T- 

iOBLMi. B2-CI*. «TIBG I s<bWSSG I cC&fit 50 



^ Gl s>GI LTl^4<DlC»U" H3-C(*G I 
s=G I c t L-Cl^<5£<7>**-Cfc&o 03*e 
14. ftTlOl«it?fe4S 1 1SI4 2(D±®4 2 b 
tJIlTOSST 1 (7)K£{ifl <B*Yl&fil<DttB : 

[oi3o] ®4<Dm&&±m*kEi2<Dm&&&m* 

fcOSIM*, B2*eit ffillEG I s ^ffTlBG I c(Dfil 
S,Gls>Glci LTLVSOlCttU B4-CI4G.I 
s<G I c LTl>*iS0^-e&4o -Tttsb*. B4T? 
(4. ftTB<D««BT?fc*SM ««»4 2(D±B4 2b 
A^SITOSIT 1 *y % (B^Y£*f*|S]) 1= 

[0 13 1] BSCDBftWMHMClt B2 0>ttftttUJ 
WW=6lt*«1«BB4"2 i 4 2 3&<»**4l-CL^* 

i>. B5 0>Bft»H«*-Clt A-W77B4 0, 
4O*<*BBI=ei+*«TB0««B*BfaTfey. /\ 

-K/U7XB4 0, 4 0±lCliCr, Au. Ta. 
W. Rh. I r. Ru. Cu3SifT*^fi£**lfcSB2Sffi 
B43. 4 3*<»B**lTl*«. B2WBB4 3. 43 
It A-hW7^l4 0, 4 0«fcy-SOl«0)h7 

[0 13 2] $iiT(0$i, *^B4 1<D«B* &t/ 
$2fSl4 3, 4 3 0>ftBC:it ±»^7?B4 4 
*<SEB**iT^«. fiTB<7>m«B-C&4/\- 

K/W7X14 0, 4O±0-9^, S2SSB4 3, 

4 3±0±tO)««SS5KM5O, 5 0tfJ&1&2*l 
TL^4. ±»^7?i4 4»tffftJM5 0 1 5 0±(C 
l*_tfiPv-JU KB 4 5A<»J3c**iTl**. 
[0 1 33] fcfc. . /\— K/W7XB4 0, 40<fc.S 

21S14 3, 4 3A<fta»LTf**. 
[0 13 4] fcfc. B 1 *^0 5IC^Lfc|gJ6(DJ^ffia) 
BK«U»*-ei** S3£i»14B 3 4 0) I4«fi 

• 3 4a^»*4*l, KfifflJ3 4a0K i 7^^l|S^fS3 

*M:&fll=S<tttf*IIfcH»3 4 b. 3 4 b*<»j3t**L 

[0 1 3 5] JE3£BttB3 4lZ&iiSffl5 3 4 b*»fifcU 
Z(Dltiiffi3 4 b0±(C/^7XT*l3 9, 39^ 
LTA-K/W7XB4 0, 4 0$-»B-r^>«iS-C?(i. 
fEA-K/W7Xf4 0, 4 0J V 7'J-Bttfi3 7 

[0 13 6] fcf£U B6lc5***i5J:5l^ £3*«14 
B3 4lcBffl»3 4 b3&<»«**L<P<T4iJ:L^. 
H6lCfcl>T. T*B 3 3 MSIBttB 3 4 ©TlOfr 
i:*Lt»«S*i, /W7XT*B3 9tfT»^7? 
B3 2lcBBtt^««B& LTtJ:tN 0 

[0 1 3 7] H1 3^68 6 IZ^LfcStttO^ffl© 

^Sl^ailR^-eii. y\-K/W7XB4 0O*BBTfc 
l^filJ® 4 O a (4. HS»ttB 3 5 0fil]@s I^Btt 



(13) 



#1182002-280643 



tmm 3 6 comm. &ifm zoyj -«tt@ 3 7a com 

£I*»flLTLvEci\, fc7=L, H7lz^-r«fc5l-, /\— 
K/W7;*.B4 0<Bffi!l®4 0al4, @£»14B 3 5 ©A] 
®, MtttttfM 3 6 Omm . S2fl)7'J -MSB 3 7 

a, mBtt4>mn3 7 b, &t;sn<D:?y-»HSB3 7 

[0 13 8] 0814, *#EI£®g8CDggS&a>ft$&<D&$t 

«. 10 

[0 13 9] H8l=s**4i**16©»B<D«S[«ttJ«^ 
14. SnS«B4 2*<, £BKT©*fi«i*d, d±l= 

tt<DB*ttttH*?-&B,tt o r 

[OHO] M-K/W7AI40, 4 OA^OTX^G] 
^©A-rTXttEfMCcfcy, 7')-ll4l3 7fl)Hb[4i 

[0 14 1] irC%-C[a8lC^-rj:3l-*BKT<0*A 
I=fia-T4««l4, MEflME-CfcU. *«DB«l*. =P 
^«d, dr-fcSo 20 

[0 14 2] BS«R«E1?I4, l^ttt!3 SOttfc 
*<. iSIElc@^z^|fillzHS*^ LA N tiP 'J— 5B1SB 

3 7<t>wb*<iiiEic0^x^(Siic}gix.c,^iTfcy, as 
mam 3s±? u-atiss 3 7 omittm^nsmiz& 

-5. -5-Lrfa®!«t*:^e.<D*1-«P»SI^L. 7'J-»tt 
S3 7a>fflHt*t&g&<£!&L. croffi<t*f5l(D3Ei!i 

A<£ftL,. w©SStlStfi<il<D^<blzS^<mE^blcj: 

[0 14 3] £BI«T<0ffiftBi«E 14, SSfttt 30 

i=»»«tn;«iaiA<5e«$*i*»»i?fcy. ^©8P«-ea 

[0144] ctucttu sss^istEroiagflijizfia-r-s 
?b«j* d , d -ci4. @j£«isb 3 5 rvz> >j —mtm 

3 7©UtA<, /\-K/^77l4 0, 4 0fr&roffl;<b 
<0!&e£3t<glT. 3'J-«ti3 7»Iftlt, ttSPK 

d . d i4, aaistitamA^ii < . w*«b*««-f Lt« 

[0 1 4 5] 8 81*14. miS«iB4 27!)<. £BI£TOT 40 
^®«H£d, d±|C*T-Sl4**lT^fiE*+l-CLN^o C 

tilery, bbbl, LA^ro-trvxmssa*. /\— K/< 

•<7^.iS40. 4 0l=3fcW=< < *y. /\— 

ii4 o, 4o*fr£n=. e^br-tic. mrsa-tr^x 

mSS£3iETIi]^££<-t?£. LKB1I8I4 2, 4 
2^^S«lsSd, d±lc^-eSl4LT»fiE-r^.Ci:lcJ: 

y,»iTt.inii4 2, 4 2trog^iat 

**<fc*fctti£3lElfti5i;tt (DCR) ^TIf-5Ct;b<T' 
[0146] *fc, g1tSS4 2, 4 2A<T®«HE 50 



d. dilcSl4**vT»fiE*H-5t. •bvxmat*^® 
flMd. dlc»ft>&*y^X£SS±Sl±3 3 < h£Px.S> 

[0147] @9i4. *nma>mo<omnto»momii 

So 

[0 14 8] H9l=***lfc«Slttai*^-T?l4. /U7 
7Tftl3 9, 3 9*<. &36»1£B3 4<DmHiU3 4 b 
±|C<7)^fiEK*tl-CL^-i.„ ft^T. /\— P/W7XI4 
O. 4 014, $IlTfl0)ii4Oa, 4 O a A<, $2 
7U— B1SB3 7 aa>«lll£lIfftttL-Cl*«. "T-Si, 
/\-W77i4 0, 4 0iS27U-ittl3 7a 
fc <t y , t2 7U -»tSB 3 7 a (Dffll 
j3l*TE«W#*±-r * £ <b * R6 CC fc A<t?#, 

[0 14 9] /W7^T*i3 9, 3 9j&*. ^IlTOD 
ffilffi±l=»Bt**lf=a^-et. S52:7'J-«t±g3 7 a 
£1*351 7'J— «ttJ!3 7 c<D«ffi±l=»fiE**Lftlt*1. 
14, A-F/W7X14 0, 40iS27'J-Itti3 
7 aO«B€lUtKflld-&&;|l«. 

[0 15 0] 5xfcl4. A-K/W7XI4 0, 40iS 

2 7'J-ai4B3 7 a <brolB]lr/WTXT16B3 9, 3 
9tf»**ilfe»4?t. /\-K/W7X|40, 40 
£m2?U-Ht14B3 7 affl05/W77TtSS3 9, 3 
9 011^1 nrnKlTlffe^lS, /W7XT*B39, 

3 9iz±i:fctf>*— a^bct. /\ — K/W7^i4 

0. 4 0&B2 7<j-B1£B3 7a]ra8JKMI=»*{*& 

fcy, *2 7U-«ttJS3 7 aroflsttapicfcivcsaBj?. 
[0151] H3fci*L0 9©«fttta»j|t*--e*,. ST 

BOTSffiB (f 1iii4 2, 4 2*fcl4/N-K/<-fT 
XB40, 4 O) Sg2«ffiB4 3, 43fl)5%, fi 
TBroSffiBOT^-tmfc-SMia-e&oT. tfeSBSO, 
5 0 irBfc&fclMMES 1 . S 1 (cfc«+*±ffl->— ;i/ K 
184 5 tTB~>-Jl> KB 3 l|B|(D£Kt$G I s, £BIS 
T©**Ci:«<t*tt«l=fil+*i«PS^-JI, KB 4 5 <t 
T«f->— ;UKB3 1 W05ffiB*G I cfcLfct*!::. fij 

eg i sifrtBG i cog«)t$, ffiSU£dJ3t^<z>3tas 

h7-v5fiE-Tw*<0. 1 7/im,h£:-5fitiyTlcf8:£ 
Ltl^4. SISft h7^^*SE-Twi:l4. MLfc7;P 

[o 1 5 2] m<*MKI4, ffrSBG l s tmiZG I cO>m 
£. Gl c - 2 O n m<G I s^GI c + 90 nm£;8 

fitfSSG I s tlHrSEG I c(Ofil^, G I c — 20nm^G 
I s^G I c + 7 O nm^JSfc-rtBHICiS^-r^wtT? 

*t.lC»*L<l4, «dfEG I sifflffiG I c<Dfil 
£, G I c — 20nm^G I s2SG I c + 30 n m^iS 
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[0 15 3] ft*LMt. BJISG I s ttilUG I c £>fit 

0. 67<G I s/G I c^2. 50£3Sfc-fjEB 
lzttg-*-*Z£*<#SLl\> *y»*L<li. WCG I 
s «t«TEG I c<DfiS£. O. 67SGI s/GI 

£L<lt. ■ IWBG I stTOEG I c(Dli O. 67^ 

Gls/Glc^1. 5o*mit+mm\~m£'t&z.k 
-efc** 

[0 15 4] g!3^^LIS9l^**lfc3IS60^®-^ 
t>. ffJEG I s <h G I c<7)g(Dli£^0>flmT£-f * 

KB 4 5 kTt&ts—fr KB 3 1 natmifiM < ft* ^ 
<h^x, *JBih^^^«E-Tw*/h*<-r*ci^ 

•e#*o 

[0155] ***o)»ffl-e4i. maa*LS. ^ 

II«Ti«*lC^-CI*»L** 1 MiffcttA- K/W 

It 1 Mi*fcl*/\- K/W7Xl±t*2 
S«H*aH-r*Ctlcj:oT*#< LT^* 0 

[0 15 6] Zfl)gi, »f«Tfl)H«ifi«l=filt*± 
gflv-;u KB 4 5 tT&zs—Jl KB 3 1 rH0>ffiJII*/h* 
<L^o. ^S«$aim : ? L a)m5iE»fitfil^/h^<-r*-i: 

[0 15 7] B 1 ftl*LH9 0)**©»»"0l** 7U- 
mttB3 7 0>«ft*Blt- 36*Bllc***ft*©KL^3t 
«14*t»^6ft*/\— K/W7XI4 0, 4 0$fflU 

[0158] -«sic. /\— psUT^m&mi^zt* z 
a>/\- K/<-r r^Bi=«ft*ffi«i-iRrE««»t»jaL 

ft<Tltftbft<fty. ff!E#BM^S®^ffIE««iSP 

(Z)«aBtfc«fcoT»«**i*««^K<fty* -tawf-v 

^ < < ft* 0 

[0 15 9] 0B^Tifi^lZfclNTmfilffl5 
L^3f <^JS1?^*(7)T% ^BMT<7)a®irmSa5L(7) 
«B5i:l=J:o"C»a**i*S«DS(K<.-C#. COSf 

D±iz±ep^-v 7^14 4 *<5iiii^ja*4x* £ 5 ic-e 

^* 0 -Tftfc*,. ±ffi/— ;uKB4 4tma»Li:a)IHI 
<D«ftMJl»tJ:y«»-»it'e#**5lcft4i ft 

fSJy.TirLft<"Ct. ±»yHI/Kl4 4iia»Li 

a>ma>*ftftfi*£ £ y «sii=i»ih-e * * 1 

[0 1 6 0] H!1 Olt. *&BJ10>351 OG)9KSE<DJf$A0> 

«ft*U*^*E»«#tO)»niB«l^6*fcRiiiB-e 

fe *o 

[0161] B1 oKSFSftfcfcftatt*^!^ *BS 
T 2 #11 1 ft^LBgi^-ffi^&fcb^^O^BBlTtf) 

aBoimssasiicstifctiO-e**. -3*y* bi of 

It. TtfeB3 3 0)±lC. |1 7'J-8ttl3 7 c. JHtt 
|i^g3 7 b. S27'J- &ttB3 7 a^bft*v> 



tf-f 7i U 7 'J-»©7 U-BM 3 7 , 
#*4B3 6. S2(0P£BttlS3 5c, ^*tt+fWB3 
5 b. mi 0>B^8ttB3 5 a7b>t>ft*i/>-bT--r v$ 

^ x u tf> K9a>BDxatttn 3 5 . s&astts 34.* 

S§3 8*<l«Lt«B**lt^4. 
[0 16 2] COStltfllCfe^Tlt. JSiT20Sl 
7U— attH3 7olt« R5»«ttli3 4*ytT*lC» 
***LTj3y. A-K/U7XB6 1, 6 1©KJKD» 
^RftLtfey, ttot^'J -HBttH 3 7 omit 

10 it#gicx^jaiic^^b*L* 0 cttizct y, /^u^/\^ 
< > </ w Xo»tt«** * - fc #"C £ * o 

[0 16 3] T*I3 3(D±®i:m2a)^ , J— IttB3 
7 atfMMSlCtfLTC r^a:J:ot/U7XT*B6 
0 3&<»jat*tlT^*o /Ur^T*6JS6 0(D±lClt. « 
XltCo-Pt ^Co-C r - 

Pt (a/Uh-^PA-fii) **ft^f-t?»rt**ifc 
/\— K/W7XB6 1 A<»rt**LTL^*o 

[0 16 4] /\— K/W7XB 6 1±lZ[t. T aftkO 
IWtt»»-e»**4lfc*IHIi6 2*«»J***L. 
20 re1B6 2 0)±IC. Cr.Au, Ta, W, Rh, I r, 
Ru. CuftifT^iS*nfcmiBaB63, 6 3^ 

jS**lTl>*o 
[0165]$1lSi63, 63lt. ^BST 2<DM 

^lfc->P(a)tS^b4oTL^ 0 SH8B6 3, 63 
±{ZltCr, Au, Ta, Cu, Rh, Ir, Ru.W 
ftife»***lfc«2««»6 4.' 6 4Mlli**lTl^ 
* o m2maB64. 6 4 It. SHffiB6 3, 63J: 

y. -»o*aco k^^^«*ipi<obbph^*#< **ir 

30 l/>*e 

[0 16 6] S11SB6 3, 6 3 

<D£.W. &tfm2maB6 4, 6 4<D*®lClt. ±SJ3r 
**:?B4 4tfjS|«**U ±ffl5^-V^^B4 4±(CltJi 

SPv— ;uKB4 5*<^iS*^T^*o -tffiv— ;uKB4 

5 It. *H«ttJt»»3b>bft*«ttB4 6lCj:oTa^*l 
* G 

[0 1 6 7] /\— K/WTXB6 1 It. ^'J— »14B3 
7£«/£-f *m2:7'J-&14B3 7at«1 Z7 'J -«14 
B3 7c<7> : 5*>. -*<DK^lRl«-»^*f£lt^cfc^c 
40 B1 0"Clt. A-K/U7^B6 1 0MMBB6 1 a*<JRl 
7«J- &t£B3 7 c(Dfiij®lrO)^*HSlLTfcy. $1 ^ 
U— «14B3 7 c<D«<fc^lR]<Z>^£**XT^*o SM 
:7'J-fl3rt£B3 7 c<D«<b*iai2&<— S*fillc»A.6*i* 
S2 7'j-8liB3 7 alt»ft*lRl^S¥ffi:ft* 

^xuatttttntfty. 7U-«ttB3 7±{to«^ 

ej3b<-£*|fi|l3«x.6^*o 
[0168] *SMfc<D»»"Clt. /\— K/^-< 7^B 6 1 
ltBI^X»|pI<7)»«#*. ±lcmi<D^'J-fiftttB3 7 
c lc4x-S 0 Sot, />-K/W7XB6 1^6*4t 
50 *H*X»fil©»K*lZj:or. «27'J-IttB3 7 
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[01 6 9] @i oo&a&aifii^-efc. stbc&ss 

B (I 11^163, 63) *. S21S16 4, 64 

jS@5 0. 5 0ttft&4^lB«S1, s 1 I3fclt4± 
fflJv— ;uKB4 5i:TSPv— ^KS3 iFfl(7)SgSi$G I 

s. £»BT2a**c£Bfc*<ft«fcfclt*±tf$'-- 
;u KB 4 5 tTSPv— ^ KB 3 1 f&CO^S&^G l ciL 
fc**l:i. UtTlHG I s^fJSEG I c<7)g(Dfit£. 
m3t^(D3gah : 7^'i§#0. 1 7 /im&ttSBfirFIC 
RCLTI^*. HSb h^^tSE-Tw*!*. W2Lfc 

[0 17 0] ^fcMlcl*. ffllEG I s^flfiSEG I c <0fi& 
Gl c-20nm^GI s <G I c+90 nm$S 

I5SBG I s irSJEG I c0M, G I c-20nm^G 
Is^GI c + 7 O n rn&mzirmm\^Wi%.t Z> ^ t~C 

Gl c-20nm^GI s^GI c + 30 n m£;S 

[0171] &*im*. miEG i s £U9feG i cot 

£ % O. 67^GI s/G I c < 2. 5 0$-jSfc-f«5H 
s ^fjSHG I O. 6 7^G I s/G I c< 

2. 1 7&mtz-fftm^n'&irz^kT-toz>o 

£L<li. WJIBG I s^lfflSEG I c(7>ffi£. 0. 67^ 

g i s/g i c<i. 5 o ^atfe-rtEB^se-r * z t 

[0 17 2] 01 OlC^£*WzgllS<Bff2!£-t?^ WSBG 
istGl c(©«0)«l*Bf«a)«JUTt-r*-i:l-«k-D 
T. ^|«T2©W«ifi«^filt*±»2/-^KJi4 5 

^ T fli*>-ju kb 3 1 wia>ffi«*<*# < fc* - * 

it. *j|||h7y*BE-Twt*S<t*wti< , Ct 

[0 17 3] **lfcO!)»l|-C*. ISSL^, £ 

SIT 2jfi«l3fc^TI*aiL^* 1 ««B*fcl*/\— K/< 
^7^1*ii:L, *BBT 2#&«*ifci:C5a>«I 

S2lSB*ait^-^l^^^< LTl**. 

[0 17 4] ZttjSS. MMT2aMa»l=£lt« 
±SP->-;u KB 4 5 *T»v— KB 3 1 M0)EK£/h 

**<T?**o 

[0 17 5] *BKT 2ifi^lcfclNT. 

B4 2*fc(i/\— KW7^i4 0t»<M«M 
■C. ^ 11T 2 1 liB 4 2 Oil 4 2 a i: 

^•>^4 40IS$/J^<ltt, Z0)^D±|C 



±»^t/^B4 4A<a*i^»a**t4«fe5i--e**. 

[0 17 6] 01 11*. *S^fl)Si 1 <D36JS(D^ffiO 

[0177] ca>^e>/<;u^H»l«*^i*. JHMttt 
»Bi 0 6t+ibfcL-c. *0>±TK*1 ?'J-&teB 

10 5. S27'J-«ttBl 0 7. *Mt«ll1 O 
10 4, 1 0 8, SlIJffitSl0 3, S3@SB6S1 

0 9. m&ttKBi 0 2, 110. m2@S^14Bi 

0 1 , »4i£«tti 1 1 1 atffiafflti 1 o o, 1 

1 2*<»Jit**lfc* L^t>*4-T3.TJUxe>/<;u^a!* 
BSt^*Wi*i-5*i<D-C*y* 01 fcl^LBl Olc^-T 

*^A:wa»L*) cty*»L^w4a»ft»*cfc3Ei^r» 

-0. »*i±Blc»***tTl*4BaM*BB3 srfcy* 
TifeB3 3*>t)«aiB3 sS-etDas^iCcfcor^BK 
20 T3^«rt**tr^4. 

[o i 7 8] *«wei*. sarattm oo. 112* 

Pt-Mn ft*BlwJ;yjBJ3t**vC 
l^*. *4lM*«rEP t -Mnft*lC<ft*_-C. X— Mn 
(fefiLXtt* Pd, I r , Rh, R uOUfW IB 
*fcl*2»fcU:<D7cffc-efc£) fc|)lMiPt-Mn 
— X' (fct£LX' It Pd, I r , R h , R u , A 

u, Ag(Di^-r*iA^iB*fcl*2Bfii±a)5c*-c**) 

[0179] beam z?*)—m\s.mi 05. -etriB«2^ 
30 y -«ttB 107. ffjiem i ss&teB 103. fiism 

2l$ffilii1 0 1 . ffrfB1S3@£&14Bl 0 9. WIS 
S4ISH4B1 1 1lt Ni-Fe (— ^^U-tt) 

ft*. Co (3/\>h) . Co-Fo (n/<;uh-») 

ft*. Co-F a-N i ft*<tif"C»*4*tTSy* » 
EifItt*I*1 0 4, 1 0 8li. Cu (fl) 

[0 18 0] TJ*B3 3±£*&« m2@^«atttB 1 0 
1 . IHttttttKB 102,11 @£»ttB 10 3. 

i$ii§i o 4. mi ?y— «ttB i o 5 0)«hi^i* 

40 T. C r 3Sif-e^fli**ifcB«Kai;iBfi!Bttt4'V 
7*T*feBl 13, 1 1 3tiH&f$.$*lXt$\) + ZO/U 
7XT*B1 13,11 34>fi$j£lc£«3-C. 
-K/\V7Xl1 1 4, 1 1 43b>b*±-r^)/^-<TXm 

[0 18 1] *bC/W7XT*H 13, 1 1 3<D± 
-WxliCo-P t (U/^Uh-e*) ft*^Co 

-Cr-Pt (=3/^1/ 1 — ^ ft*4rjf-c*» 
«S*ifc/\-K/W7XBl 14. 11 4 35<»JS**i"C 

50 [0 1 8 2] *fc«B/\-K/W7Xi1 1 4, 114 
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5, 1 1 5*<f&fiK*;K. Z(0*ra®1 1 5. 1 1 5<D± 
\Z, C r . Au. Ta.W, Rh, I r . Ru, C u 
£T?fl*J5££*lfcft 1 fttIB 1 1 6, 1 1 6*<»2J*£*VT 

[01 8 3] i i 6. ii6i±. &mmr3 

6, 11 6 ±1-1*0 r. Au. Cu. Ta, Rh. I 
r.Ru, Wfci:-e«2fifc£*Vfcm2m4IJg1 17. 11 1 
7A<«B**t-Cl^. I2EMH 17. 1 1 7 1*. ft 
1««B1 1 6. 1 1 6ft«S<fcy. -*t<Dft«03h7 

•J- $ 4>§:£|6]©fHllSiJ!><*# < ZtlX f»-5> . 
[0 18 4] f BIT 3fl)$S. « 1 1811 1 6, 1 

1 6 cds®. atf«2isii 17.11 7roa®i= 

4±l-l*Jlffl5->-^KB4 5A<P)«**l.rLN«>. -bfiP"> 

KB 4 s i*. mmtrntm* 4 e ic* 

[0 1 8 5] @11 T?l*. 8l£t,* — J* V h#fttt 5 

-SffTEft 1 @S»ttB 1 0 3 tffJEft 2@£«ttB 1 0 
1 A<, mK^«tt«^B 1 O 2 £rt-LT»B2*.*:*,a> 
A<. — OCDSSffiteBP 1 i: L-C^fll-T-S. *fc. Kft 
^_^i,>a<^fc.5l|tjffift3@3Efi&t£Bl 0 9fctfjEft 
4@£»ttBl 1 1#. ftlE*«tt*T»Bl 10^U 
TftB^ftfc -o<D@^8M4BP 2,t LTttlflfe 

[0 18 6] lUJEft 1 H^fflrttB 1 O 3£fliTEft2@£ 

«i±bi o 1 (omiKxm** 1 8 os^nc-ssspffo^ 

x'JffittttSgl-fcoTfcy. ffJEft 1 SS«teB 1 0 3 : 
<tS5IBft2@SfllttB1 0 1 k*<KWzmi5<Dmitl5ft 
JISL*5(D1?, LTiSlttIP 1 OMtJS 

|S| ^-S^IS] IzSS £ -5 w t tfV # -5 . 
[0 18 7] 01 1 T*l±. fl5Eft 1 HSIKttB 1 0 3S. 
t/fIKft2@S»1±Bl 0 1 *Hi:*m*fti*-c»* 

[0 18 8] £fc. fljEft3@3£«14Bl 0 9-blHTKft 
4§£ffiltSl 1 1 ©Wb^lSlt. 1 8 0SRft4S¥ 

^©^x'jKttttisi-'Sorfcy. miHft3@SKttB 

1 0 9irfHSft4@S»ttBl 1 1 £A<SlMcfl&7J<B« 
ittl IS) * WS. L fe o T I* -5 . 
[0 18 9] fcfc. WE*»tt*Wft 10 2. 110 
I*. Ru. Rh. I r. Cr. Re. Cu©7*1«* 

§ l n i± 2 iii5i± ^-cb JSE £ 4x r f -5 = 

[0 19 0] ItiTKft 2 @3£«ttB 1 0 12tt/ft4@£» 
14B 1 1 1 I*. **i**iK3»«ttft iooWH2i 
)ILTM**i. «ft*7=— **«fcS*i*;:£l=«fc 
y . ffiffift 2 HSflBtttB 1 0 1 Rtf5$£»teB lOOi 
©JMIfttfl=mE*4Blft«tt»i l i &tf&3£iai±B 



1 1 2 k(Dnm-X&m££\~*Z*&&l5&&&#£- 
[0191] IfflEft 2 BSKtxB 1 O 1 <J>m\t?5ft I*. 

B*z*Bii=nft**i*. «5ieft2@^«t±Bi 010 
b 1 o 2 ^ LT**(Si-r sft 1 HsasttB 1 o 3 omt 

^|SlA<. «ijEft2@£«ttB 1 O 1 <»mtl5fttE.¥-fT 
rottSS-C@S**t-5. fcfctflEft2EI£ffittBi 01© 

> k titrffift 1 s^ffitts 1 o 3 mms.*- 
* > h*au^tfc6ia8a*-> > i-co^isia^e 

[0192] firEft 2 @SKt4B 1 o 1 mmitxfttfm 

SZ^|S]l-@£$*t-5i:#. ffJEft4@S«ttBl 1 1 

irA<»£Ll^ C0>±:#. fflE^K14*t«B 1 1 0£fl- 
LT*tfi>-r*B3Bft«ttBl 0 9 0HHb75l6]*<. fl&E 
ft4HS«i±Bl 1 1 <0«<b7j|S]£R¥*T7j|S}l-. "ffc 
t>*>. ZS(S]lc@S**v«>„ fcfcl|i}Eft4@£?K14Bl 
1 1051«a^->>Hi:fltJEft3@SKttBl 0 9©» 

A<BiFE@£»tt B P 2 ©fflrtb^lS] i: -5 o 
[0 19 3] -f -5>£. fflEft 1 7'J-«tSBl 0 5.15 
mmtetiftM 1 O 6 . ttTEft 27'J — «14B 10 7$ 
rt-LTfcHSl-f £. fldEft 1 @SKttB 1 0 3i:SiIEft3 
o 9<D»<b^l»II*. S^I-1 8 0SRS5 

[019 4] 1211 "CI*. ^a-r*J:3l=. -7'J— »tt 
BFtflfflEft 1 7'J-Ittil 0 5i:«rEft2 7'J-fll 
HI107 A<. SilE#»t4*mB 106^ UT»g* 
Htzi,<DbLXtef£Zti. ffJEfti 7U-IS14B1 0 5 
irfflEft 2 7 'J -ffltttB 1 o 7 OTWb^rai^S^Fft i * 

[0 19 5] ffTEft 1 7'J-IttH O 5tffJEft2 7 
«J-»ttBl 0 7l±. M-gmS^roi&S^glfC. 37x'J 

aatettJS*«-3fc**Wb7ji»i$^b*-B-*o zLot 

ffTEft 1 BSffittB l o 3 ifflffiS3lSllti 1 
o 9©«'(b73lS]A < . 5LM-1 8 0ffiM'SSS s Pf7ttKI= 
tSo-CLn*.!:. 7«J-ffittBF«fcy±BSP»ro«tS^b 

m t ? y -»ttB f j: y TBSP^cogstSE-tbrofaffi*^ 

[0 19 6] * £1-. ffjEBS«14BP 1 OWbTalSli: 
a5E@S»1±BP 2<DfiB<b7J|Sl*<. S¥^lfilt?S)-i>- 

[0 19 7] »<b7JI»l*<l8StZ75l6]i::@££;h. 
TL^SfIEft 2 @^»t±B 1 0 1 <Om%=e-^ ^MD* 
#*$flEft 1 SSffittBi 0 3 coffift^-pt > Kco^: 
#**yt*#<L. I^SttEP l©JHb73lSl$-0* 
Z73lSH=-r-5. Wb*lpJA<BI*z^lSllc@g**L 
ti^llE«3lS»ttIi 0 9©ffi9l*-y>Kro*: 
#*^WEft4@SffittBl 1 1 K©^ 
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[0 19 8] "f -b>XS3fE^0^X^Ifi]i:S*tfSl 
P 1 ©Bft^WXT/BSBttB P 2 0>B4k«N 

*<-au fria« 1 ns«ttH 1 0 3£MEm2@s« 

14B 1 oi(D7x'J BttttB* at/WEK 3 @£&14B 

i 09i:SiisBm4asattsi i lo^xyBtttttttf 

[0 1 9 9] *fc. MESM 7U-»ttBl OSXt/ffl 10 

ism 2 ? u — Btts 1 o 7 1*. **t* *ia>Bfl^— * > 

H&<*a*J:3l-»rt**fC^$. ::t4, ME3M 
7U— BttHl 0 5XtffrE»2?y-BttBl 07S 
Bi:««Hl^»*L. **L-f*ta>B»*B 

mia* 27U -eattts 1 o 7 tDsaa^E-* > h 6 

[0 2 0 0] 1 0 2, 1 0 6, 1 

10 14. Ru, Rh, l r, Cr. Re. C u <D 5 *> 1 
«fc«LM4 2aJ2l±a)**t?»J«**tTt^«. 20 

[0 2 0 1] 01 1-CttU »E*1 ^'J — »tt»1 05 
<h BUBS 2 ? U — UttH 1 o 7 ME#«tt*f **B 1 

[0 2 0 2] «TEK1 7"J— BttBl 0 5tfJI2m2 37 
"J— BttBl O70)B<k*fiII4. SWi4^7x'JB 
tt*ii:4ot*«, ?y-BttBFO>B»*»<r* 

jb3&<«» < « y . Bft*«»Ji«*-<DBiH*m« 30 

[0 2 0 3] MCK1 ?"J— BM1 0 5 ©Bft^ 

> h t MEm 2 ? y — b&b 1 o 7 ©b**- * > h * 

EL*Wfc*aiW-> > KD*fiDb<1flE^'J — B 

1tBF0)Bft*fili:ft*. _ 
[0 2 0 4]fflSEA-K/W7^i114, 114I4B 

f,X^ l=»B**iTfcy. ME/n 

— K/Wt*@i 1 4, 1 1 4*>?)(Dx*Ri^a)/W7 

"xBJW=*y. mE7U-B1tIiFa)Bfc*SI4B«X 

[0 2 0 5] «FEB*«*E-ei4. BSiSfPK P 
2(DBfl:3Sifil*<* 3BIElcB*Z*|S||*5lM4Zi:S»* 
fill::BJe**u L**^y-BttBFOBft3WijElcB 
*X*BlcB*6*tT*y* BJKBttBPi. P2i7 
'J— BttBF®B<btfttSM«l-**« *LTE««(* 
^&0)^»BJWc»L. m^'J-BttlFOBft^B 
8EA<£ttU coUkSfiOMt* SSBttBP 
K P2 0)BftBfc*Blt©B«"e«ftfttta^B<kL, 
ca)«K*stBa)B<ki=»-3<«E*fci-*y- E^as 



nit (as*) izH8«-£-r*<Di4mi@£»teBi 03 

©B<WJfili:Bi BttBl o 50)Bfl:*fi«>B» 
ft. O9 0)Bfl:*Bfc«2^y- 

«tt»i 0 7(DBft*«a>«J**"e*y* -*i£<0ffi*t 
ft^ttasBaA^BB*^^**®*^****^ 83 * 1 

[0 2 0 6] A-K/W7XB1 1 414. 7U- BttB 
Fii*tS»17U-«tti1 05iS527U-8tt 
|1 070^, -*0)Bfl:*«*Bx.**:lfCckLx. 
H 1 1 t?l4. »27'J — ffittB 1 0 7 OKjk^lPKD^.* 
BX.TI**. *2^»J— BttBi 0 7OW»Stf-« 
*filic»*.&*i*** mi 7U-«ttBl 0 5l*Bft* 
B*t«aMxfc**^xyB1t*Bfctty. 7'J-BttB 

[0207] **»<d»b-ci** m i /n— KA>r tab 

1 1 4lOTpX»na>ftBJMr« ±t»2 7'JHItti 
1 0 7fc4^c ttot, A-K/W7XB1 1 4)b>f> 
*±*«B*x:&h<d»B*i::*-3"C. »17'J-Btt 
B1 o scDSa^k^fSj (B^x;fifa]<t3£isi£) tf£L£ft£ 

[0 2 O 8] B 1 1 ©BRSWJB^C*. STB(Dlffi 

n (mi««flM 16. 1 1 e) t. S2fgBi i 

7, 1 1 7<D?*>. «TBa>««B©*±«**«*"C 
feot, &8B5 0, 50tI4&4l^1Wsi. si 
|ZjSl*«±«$'— JU KB 4 5 kTUis-)l> KB 3 1 fffl<D 
jiffi^G I s. *BKT30)+ftcA:Btt«ttB^telt 
JUK»4 5£Tffli'— iI/KB3 1M0EB£ 
G I c tLtzk£\z % MEG l s <hMEG I coymvm 

& % asiaaifR^osisah^^^WE-Tw^o. i 7 

[02 09] af*Ml^!4. MEG I s £MEG I c (DflL 
G I c — 20nm^G I s^G I c + 90 nm^S 

IUEG I s fcflJEG I cO)l^ G I c-2 0 nm^G 
Is^GI c + 7 OnmSBfe-rtEHlcRfi-rft^ir-e 
fc£o S &!::»* L< I*. MEG I s£MEG l cOil 
G I c - 2 0 nm^G ls<Glc + 30n m$-3l 

[0 2 10] fc£LM4. HEG I s ^SUIEG I c(Dflt 
* % 0. 67^GI s/GI c^2. 50£5Sfc-r«5ffl 
l:R£t§:i:«LL\ *y»«L<l*. MEG I 
s£l!UEG I cCDfil$-. 0. 67<G I s/G I 
2. 1 7£ffifc-rteffll::K£-f *>C£T*fcSo 
*L<I4. MEG I s£MEG I cfl)lS, 0. 67g 
Gls/Glc<1. 5 O^JSfc-rEHIcS^-r^-i: 

[0 2 1 1] B1 1 \Z7jkZHtzn&<»l&&'?*>+ MEG 

i istGi c0momzm%.<Dfe&LTk'rz>zt\z*.'D 
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i Tfflv-^ KB 3 i mo>Ett*<** < ft* - <t 
[0212] *358£<7>j&SIT-i. mtiffliL*. £ 

in 3ififis^fcL>Ti±»^* 1 maBSfci*^- ka 

>fyAB*B£L. *B«T 3 fr&Bttfci: 
»L<DflU»*. It 1 MiffeltA- K/W7^I±I= 

[0213] KDgs, jut 3 <Dmwizm~t$rtz> 10 
_tss*>-.,u k® 4 5 1 t»S/-;u KB 3 1 ma)ffi«*/J> 

£<Loo. «»*a* : f-<DlESt»tn;fllt^*<^*^ 

[0214] hi 1 i ic^tifr&SMttBSt^'C 
14. ma«L*2B<D*«Bo)aBiitin*^ufc*^ s 
aeu l 3 Biu±o)m«iB<7)»Biititi*"e fc o -c * j: 

[0215] Bi2it z(omi^omn<o 

fe-i) o 

[0 2 1 6] HI 2a>««»tb*^l*. mffiSPL 1*<3 

11(7)1814 2, 4 3, 5 io>M«ft1t a efcftj& fl ca 

[02 1 7] SS2««B43, 431*. mim^B4 

2, 4 2*y, -sfljtaoh^yftHSfl^BB^* 

#<**U *3*«B5 1. 5 1 I*. m2m«lB4 3, 

[0218] @1 2<D&9M£dif£ : ?T*l4. STBOB8I 
■ (ilttl42,-42),«2l»43, 43. 
f 31SI5 1 , 5 1 0>5*>. STB<&e*IB<a^£M 
44fl«1?*oT, *«I5 0, 5 0ilft6ft^«« 
S 1 . s 1 lcfctt^>±«Pv-^KB4 5fcT»*>— ;UK 
B3 1 m<D^mi:G I s. >ID(Ta)**Cil44tt 
■1= fclt*±»S/— KB 4 5 iT»*>-^ KB 3 1 nn 
<DlMt£G I c t Ltzt£\z^ flIEG I s <fcWEG I c 
(D&om*. I*ltti*WMh7*;*lE-Twtf 

0. 1 7/imfcft*11l2lTI=»3eLT^*o 

[0 2 19] OTG I s^ffjEG I c<0« 

Gl c-20 nm^G I s^GI c + 90 nmjl 

KtlBG I s^fitrEG I c<7>fil£. G I c-20nmgG 
I s^G I c + 7 0nmSafctt6il^StS-tt 
2blC*?£L<l4. MEG I s«!BG I c(Dl 
£. G I c-20 n m^G I s^G I c + 30 nmjl 

fc-nBBI-RJE"*" £ - 1 -efc^o 

[0 2 2 0] &&IM4. 1UEG I atKKG » cO» 



0. 67^G I s/G I c^2. 5 0'*»fc-r«B 

f=»3E-r*^i3W»*L^. *y»*u<i*. WEG I 

s ^fftEG 1 c<Dtt** 0. 67^Gls/Glc^ 

2. 1 7*anfc-rttBf-»S'<"*-i^**« *&t=» 

*L<I±. H9EG I s^KTlBG I c<Dffi£. 0. 67^ 

"Cfc&o 

[02 2 1] 01 2\Z7ji£1xtzg:m.0)te&X-ij. 19EG 
I sir G I cflOfiO^t'Bfft^ttfilTir-riCfclc^o 
T. *BKT0!)MfllliS«l3fclt4±Wi/— ;UKB4 5t 
T»->— ^ KB 3 1 ma>E)B^* < - * £ffP*-. 

[0 2 2 2] **»0>»«|-Cti* t«SL1^ 

142, 4 2±l:l2fSB4 3, 43&tfK3««B 
5 1, 5 1 ^aStSCi:l:J:ot^< Ltt^o 
[0 2 2 3] Z(DgS. *B«T©B«fittl=a3l+*± 
g^>-,U KB 4 5 irTSBS'-JU KB 3 1 Ffl<3iE§»i£/M* 

< loo. a«*a*^o)»a*tt«***<"r* = ^ 

[0 2 2 4] ^BKTifi«ICfel>r. S1I8B 

4 2SI<Mt^^t\ ^BKTCO^®^:Sim«l 
B4 2(Dfii]DS4 2 a i:IC^or^fi£*n*S^D$ie< 

-e#£o ffior. ±SP^-v^^B4 4CDK15*/h*< U 

Tt. I0)SlD±t±»*t 7^14 4«WI«* 

*«» l £ amattfttfitttfte £ y St^RfcitT* * * * 
30 [0225] fcfc. «f&Ba>m^BI*-tB0)mfliBl5 

t\ ME^Bffiftffli^^tTft^ffi^iWEmaB^ffirfiHJft 

[0 2 2 6] fcfc\ 7U-«ttl3 7, F<t@5£»ttB 
35. PI. P2lt *B<O«tt«»«fc*lM*2B0) 
&tt*t**B (CoFe/Ni Fett£) <t LtMSil 

[0227] * fc. h i 3 1*, b i ic^$*Lf=aft«aj 

*T4>#BBTJ:ftlMB4 2« 4 2^S2t«B4 
40 3. 4 3 $B 1 fl)B*±^6 JifeTiBB"?**. 

[0 2 2 8] Bi 3 lz^^ti^cfc5!". #&B<&m«S 
(Dd*>«TBO«ffiB-C**«1««B4 2. 4 2<D/\ 

fr**2 2J:yft<**fC^*a)"e, BftttUSl^K 

[0 2 2 9] fcfc. *JHBtlf MiT. T2.*fc 

l4T3im«l«Hw*«**i*«TBO«aB (B1«« 
B4 2. 6 3. 1 1 7*f:liA-K/W7^B4 0) 
(4. B««tt*^OB«W*fc«>>tRlBt»ilLTII* 

50 «tstttniB-r*xaici3^-cx>T^«±Liw< i>£ 
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W, Ta, Rh, I r, R u & £ <7>$St£tf)****£ 

jsi*t»j*u stb<d««b&*kd««b cm 2ms 

B. «3*ttll) ^tt^Cr, Cu, Au, Tafti' 

[0 2 3 0] B2lC«**tfc«««Wl*T<D«**a* 
■MM"*. *-THl 4lc^-r^5ic. T»i/— ;UKH3 

•V^^S3 2I*A I 2 03. S i 02fc£*(Dt£«tt*m£ 
B^T»*-r*« TSPv-;uKB3 1 I*. S«3 0± 
ic r;b3^*^a>l6l»tt*t»*&**B*^tt^T* 

[023 1] T»^^^»32±IC % B2IZ 

**MT*I3 3, J&3£ffit£S3 4. SBKDHSattt 
B 3 5 a . 3E&14*RflS 3 5b. S2 (D^flfcttB 3 5 

3 5. »Itt«»M3 6, S2(D7'J-»ttB3 7a, 
#»tt*ffflJB3 7 b. mi 7'J-lttB3 7 cfr&tt* 
W-b-T-^ ^^^x'J^'J— »ttB3 7. S 

«B3 8*BBU ^BBlT*^fiE"r*o 
[0 2 3 2] £fc-<B£BB£Ttf>ftyiC. em iic^-r 
v>^;u7 k ev/<;u^M*Km : ? L cD*BKt2. B1 2 
iz^-r ^ tf >/ ^SfcBHW-o) £BB t 3 -e 

[0 2 3 3] T2, £fcl*T 3 

£L<. lf:liX-Mn (fctfLXI*. Pd, I r, R 
h, Ru(Dt^^ia*fcli2aJil±^7cST*fc4) 

**IM*P t — Mn — X' (tcf£LX' I*. Pd, I 
r, Rh, Ru, Au. A g <DlvJMxa&* 1 S*fcl* 2 « 

I2Lba>5c*T?**) -C^Ltt,*^. ffiSBJ&3£&ttB 

t-haLfc*r«"e»*-r*»** ■sittitoM'c 

[0 2 3 4] SfelC. ^jUt-r*«tfttttti*^*^^^^ 
*«0-TwO««tI5 hBR 
1 £. £B)S T±lc/ Jfc-T** 

[0 2 3 5] H1 1 4IC5jVr£5lC. L/v^ hBR 1 IC 
I*, f (DTSI-^J L J 52^95 R 1 a, R 1 arf)*ff2j££*lT 

l^*o 

[0 2 3 6] &lcgn 5ic^-rx^-eii. X.y-T>#\Z 
yu-hatfxy^vyBtWUftlWL. &3£*SttB3 4 

<7)fiy®^N']yis^"^s*^^'^^ ;i<tf:: ^ 1 ^ sss^tt 

13 4SH5FX*fill-*<»j£L"Cl**. ftfe. 

ttB3 4©«E**ftl=B*4:* g!6lc^^4x*^m« 

aj a - <t a^-e * * • 

[0 2 3 7] $b!:i1 6lC7Tv-rx^T*li. ^11T0 
MIC /W7XT*i3 9, 3 



4 0, 4 0. 4>IM4 1, 4 1 ^filclt^o /W7^T 
«13 9, 3 9 liC r. T i . Mo. $ I* W50 M o 50 
0 9ftlvf:h.fr-ai2Lt* *?SL<I*Cr£. /\— K/< 
^7X140, 40liCo-Pt (n/^h-fi4) ^ 

&-£Co-Cr-Pt (ziy<;u h-^ai*— d£) 

*MB4 1 . 4 1liTa^L^]JcLfco * 

^7^140, 40. 4>MB4 1, 4 i <Dja;R£**tt 

[0 2 3 8] **«<D»ffl-CI*. /\-K/W7Xl4 
0. '4 0l»iiTt*}Bt4«OOT4 0 aOiUP 
4 0 b, 4 0 bA<S2(D37y— II4B3 7 a <Z>±® 3 7 

a 1 ii35f4B$fii«*^o /N K 

/^7Xi4 oa)^BMTi:^iai-r*«'J<7)fiiJ®4 0 a 

I*. Xi;m2<7)37U-«ttB3 7 a<D«ffi^»|S|-r*K 
a?tt«*T*BI**l. •I7'j-iltl3 7cfl)«lt 
liWlplL^tN^dlw^fiE^nTl^^o fc*£U 0 7i:^ 
S*l*«fc5lC A-K/W77B4 00)iJS4 0a*<; 

E3£»ttB3 5(D«ffi. »Btttmi3 60)ii, S2 

(75^'J-«14B3 7 a. JMBtt*MB3 7 b. Rtflg 1 
<D^U-^14B3 7 c<D#l®£«ffl^*«fc5l::LTi£ 

[0 2 3 9] /\-K/W7*B4 0[*. ^iJ~ffltttB3 
7 £«jK"f 4S27U -fcttB 37atSl7U -«tt 
g37c05*», g2 7'J-Ittl3 7 a OBIbAAO) 
****X.Tl**« »2 7'J-«tti3 7aa)»b*fil 
^-3t*lflll=»it6*i*i:. *l7'J-8tti3 7cli 
atfc»l$l^fi¥ffi:<i:*^xg«tttt«tfty. 
»teB 3 7 ±i*<DWb^|p|^-^lfillcittx G»*L*o 

[0 2 4 0] *3lffi(D^!S-ef*. A-hW7XB4 0 
■|*B*X»Ria)»«*t. iH«2(D7g-8tti3 7 
alZ#7L*o ;\-K/U7XB4 0^b^t 

4Bax»Bfl)IWJH:*ot, »l7'J-IttB37 
cCOWbSlS] (B^x^lSl^aiFSl*) *<SL**i*^t* 

[024 1] 1 7 iC^-TX^-eii. Sffi3 OS® 

a>an*fiii=»Li!f3Ea)«*a3^&. *iB»4i, 4 
l±lcSitffiB42, 4 2£jSK-f£o miSfliB4 

2, 4 2li. £B«TOK««*l-* 

*o 

[0242] C©BL SH8B4 2, 4 2*. £B§I 
T±lzRlt6*tfcU»X hBR 1 (DTBIc»*S*ifc«J 
ya^SPRIa, R1 a^l-J"CR£ML"Ctctl N o 

[0 2 4 3]46,*11M4 2, 4 2t»*t4t 

^irii. mi 3ic^$^t*cfc5i^> f 1 m«B4 2, 4 

2fl)/W K»fiKD*ff**Z 1 ^B^T(D/\-< h^ 

fsjcDft^s^z 2 £ y«<j&sw*-£*<»*Li^ 

[0 2 4 4] fLTUvX hBR 1 Uv^h*IK* 
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y ht7lfl)UvX hSR2j*BlTMSliffiI 
4 2. 4 2±lrff2jS;-f So 

[0 2 4 5] S*S3 Oa®^**a^[Sll^*tLRffS 

^sa4^b, SHSS4 2, 42±icm20)m« 

Jg4 3, 4 3^/SK'T'5o Z(D*5£:Siit:£&£ffll^ 
Ci:lCj:y. $2fSM4 3, 4 3 £«j£-f 
«(Dh^V^«^eiCDWPISS p 2£, SHSI4 2, 

risp 1 *y*£<-c#£o 10 

[0246] -<7)IS. S2tffig43, 43$, 

hg R 2 0)T® l J a^8PR 2 a , R2a 

[02471 S11SB42, 4 2MS2tSi4 
3, 4 3£j$Brf ffilxli. JBIT^S 

S*lfc3fc«3 OlCJtU *im«B4 2. 4 2SfcliS 
21SB4 3, 4 3CD3fflJ5E-C^**ifc^-^^ 

ttictti+r* i»E*-yv h£lfflE£«3 0±-CM£»* 

m«S4 2, 4 2*fcliS2m«IB4 3, 4 3S + BI 
4 1.41 ±lCfiEM*r*o 

[0 2 4 8] *fcli. SirE*-^ h*l£LT*«3 
R2(D±\Z[t. I21SB4 3, 4 3^i:ifiEfl)i4 

3 A*</aK*^iSo 

[0249]4fc\f2tSS43, 43£j£K-f£<t 
£(DjSBft«0 4£. *1*«B4 2. 4 2(&mffiB£ 30 

y. £j8KT-g®!cwTfc^Di<tm2mfliig4 3<7)imas 
e 2 <fcy/h*<-c#*. 

[0250] e i <e zt+zt. *BMTicisft»« 
**ismii:ffiS4 2, 4 2^b*effiT^(7)m3£<D« 

[02 5 1] *BHT0)MffiliS«^fcM+4±SPS/ 40 

-JU KB 4 5 £T6|5v-;u KB 3 1 |Hia>EMbb<:fc# < * 

*Sfctf)lc. S2fSl4 3(DBBt2$, «im«B 

[0 2 5 2] *B«Tt«»Mfc*«**t««T 

ia)iffigt'fc^itSi4 2, 42^ BfttttuB 

a, Rh, I r. Ruttifa>aS1tO*t»tfflU^T»a 

L, I21SI43, 43fCr, Cu, Au. Taft 50 



[0253] -t LTUvT. hBR2j, L/i?X hHSS 
T.I11SB42, 4 2XI/S21SB4 3. 43 

[0 2 5 4] ££>|C„ 02 OlC^-f XHT?I*. JiKT 

Rl/ftTB<D*«B-efc€»*1«aB4 2 f 4 2±(0- 

»&ff 1 1M±0-Wt;»2Mi4 3, ■ 4 3±<D 
[0 2 5 5] L/vX hiR3 ^ US/* h«Il**fliL* 

5 ±6fl*-v v ?B 4 4 ±lc±SJ v-;u KB 4 5 £jS 
EU ±»S/— ;uKB4 5±lc«BB4 6*fiE«"r*x 
H2(D«ftttdi*^SfiE-r*o 
[0 2 5 6] fcfc. ±ELy=«».«d3*^OSlat*^^ 
fc^t, S11814 2. 42t. S21SB43, 4 
3(0?*., f1tag42, 4 2<B^£M£:£fiiJa"t?& 
oT. *&3£B5 0, SOilftSftl^KSI, S 1 IC 
fcMt^±aJv-;uKB4 5i:TSPv-^KB3 1 |R|a).E 
St£G I s. £BKT0)**c£S&£&SI=fclt£± 
»i/-;uKB4 5 tT»V- ;UKB3 lM<D£llt£G I 
c t Ltzk$\~ % H5EG I s tTOEG I c(B^0)fit£. 

[0 2 5 7] JlttMlCl** ffiSSG I siUSBG I o<Om 
£ % G I c — 20nm^G I s^G I c + 9 0 n 58 

ffTEG I s £ffjEG I c(Dfi££. Glc-20nm^G 
I s^GI c + 70 nm^>Stc*teHl3KS**-^-e 

fc£ Q ££|3#£L< I*. ffiTEG I s <hffjEG I c(D» 
Gl c-20nm^GI s^GI c + 30 nm£}g 

fc f KB l= K^* * - £ 7? fe £ o 
[0 2 5 8] fc*lM** HIEG I s tttEG I c (Dffi 

o. 67<gis/gic^2. so^mtz-rmm 

s tlflEG I c<7>fit£. O. 67^Gls/Glc< 
2. 1 7tBfc-r«BI=K36**Ct-C**. 
£L<I*. fflEG I siJfllBG I c<0m&< O. 6 7< 

gi 8 /gic^i. 5 o&mtz-tmw^WLttz^k 

[0 2 5 9] DtTEG I s tG I c <Dm<Dm&Wife<0M& 

6Pv— ;u KB 4 5 <tT6flv-JU KB 3 1 1BOEB^** 
<tt* = £fc»5u »h7*;«(IE-Twt*S<t 
4 = fctft*4. 



(21) 



^^2002-280643 



[0 2 6 0] *mM<Dte&Vt. iffiSPL^. £ 

[02 6 1] £BKT<7>ffifil]£&lC;fclt£± 

§Uv-;u KB4 5 <tTSUv-;u KB 3 1 lB0)Elt*/h* 

< LOO. «**tB*TOlta*tt«l^*<"f*-i: 
[0 2 6 2] MBTifittlrfi^T. SUffiS 

§4 20)114 2 a <t lc£ o Tff2ffi£*l£&^D £{& < 

T*£*o Sot, ±gp^^^^B4 4(DMJ5^^*< L 

-c*. ca>a«D±ic±»^^^»4 4A<a*i^jai 

5\zii& 0 

[0 2 6 3] BLt* Sl2lC^*^fcffiSl«iiim : ? : a)St3& 

g i s<g i cfc-r«4:H4a)aa«ai*^t»ja-c* 

[0264]^Slt8i42, 42*^^. 
4>IM4K 4 1±l:lS^2lffii4 3, 4 3£»B 

[0 2 6 5] H 8 0)»Jl«tt*f « »«t * i 

'J 77 h^-37ffl(DUv^ H*»«L, S1 m«B 
42, 42**»-r*A:*lC SlEbvXhll^ya 
*»l*lc*-C* *lSffii4 2 ( 4 2 tMS-TJlliJ: 

[0 2 6 6] HQlZ^itLfcSMt*****^^*^ 
*f=Mu H2 2ic^**i-&i:5lc. /W7^T»I3 
9. 3 9£*«3 OCD*ffifC»-r*a«^|S|A^iacM-f 
*ltf*l\i «5Ui* /W7XT*B3 9, 3 9«*/<7 
*tfLWfr&izto<»*—'fv K£S«3 0lC¥f7^^^«fc 

^BKT*<75S5ii^ttB3 4<Dm£l3 
[0 2 67] ^blC, /\-hW7^l4 0, 4 0** 
*y, H9lc^$*i4J:5l^. /N-K/W7XI4 0, 



4 0<7)^S^TfiiJ(DfiiJ®4 0 a. 40atf, JS27'J- 

/V-K/U7XI4 0, 40t«27'J-BM3 
7a3b<«»»ica**fc*y^ *27'J-BttB37a 

[0 2 6 8] hBR 1 C&agfiPR 1 b. R 1 b <7>{2: 

4lit*y, /W7XT*i3 9, 3 9^B1T(D 
10 fly®±lc±<^«$ti*t^ci: : 5ic-r4wi:. S27U" 
i1ii3 7 a&I/f 1 7UHWM3 7 c©«B±(-» 
*S*lft^BB^W7^T*i3 9. 3 9WMT 

H40, 4 0 t S 2 7 'J -IttB 3 7 a 7XT 
ifeB3 9, 3 9fl)KJW<1 nmJSlTtft* *3fC/<-fT 
7T*B3 9, 3 9 3^*BBlTO«li±lC»flt**L4J: 
■5 4 z. <t 0) -5 l\f *uWcfc4 £ 5 \ZT* # 4 o 
[0269] SI 2(C3F**l4«fc5<t3BJSl±iD 

20 SKD^ritStifc'J^ Kt7ffl0)l/5X hBJ^BiT^ 
f)Klc^fiSc*^fc«!SB<D«SB<7)5*>»±Ba)m«B 
±I=*I+"C L . fflrEft±B<D««B±l= * b lew© 

g«iu *©«i«Eui?xhjiti»*-r*ia*iiy 

[0 2 7 0] Hi 4^611 7lC*S*lfcX|llCfcl* 

T„ *BiT ^ 1 4 hB* 2 B b vX h 

a. x»ttifi=:j:o-c»***ifc«ya 

^■SPRIa, R1 a^t4'J7ht7ffl(DUvXhB 
30 RULTl^o 

[O 2 7 1 ] fcfiU *«W-CI*. 12 3lC5*S*l4«fc 

aya^»s**s^ui?xhBR4*ffli^ 

wfO. 2^mJUT<Dig^-^X*^ia-r4^#le(*. «^ 

tf-Ay v^^-r— ft^tfflt^T. «y 

3St>Ui?X hBR 4£fl2J^f £C£tf^3ai?ft4o 
[0 2 7 2] L/i/X hBR40)^M, |2 4C^tu 

b<xv*>#iz.*y zmmTcommtm y at?. 

40 [0 2 7 3] * 6l:B2 SIc^-Txg-ei*. ^BffiTCO 
S5«l^ /W7XTftB3 9, 3 9. A-K/W7XB 
4 0, 4 0. *[HB4 1. 4 1 . WS1 1SB4 2, 
4 2£j£Jg-f £o 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] The lower shielding layer which consists of a magnetic material on a substrate, and the lower 
gap layer which consists of an insulating ingredient by which a laminating is carried out on this lower 
shielding layer, The multilayers by which have the fixed magnetic layer to which the magnetization 
direction is fixed by the switched connection field with an antiferromagnetism layer and said 
antiferromagnetism layer, a non-magnetic material layer, and the free magnetic layer to which 
magnetization is changed to an external magnetic field, and a laminating is carried out on said lower gap 
layer, The polar zone for supplying a current to said multilayers, and the up gap layer which consists of 
an insulating ingredient by which a laminating is carried out on said multilayers and said polar zone, In 
the magnetic sensing element which has the up shielding layer which consists of a magnetic material by 
which a laminating is carried out on said up gap layer said polar zone Two or more layer laminating of 
the electrode layer which consists of an electrode of the pair which opened predetermined spacing 
crosswise [ truck ] and was formed in the field which laps with said multilayers, and/or the both-sides 
field of said multilayers is carried out. Spacing of the truck cross direction of the electrode of said pair is 
enlarged for the upper electrode layer. The distance between said up shielding layer in said field which 
lap only with the electrode layer of the lowest layer among the electrode layers of a layer, and said lower 
shielding layer Gls, The magnetic sensing element characterized by setting the value of said difference 
of Gls and Glc below to the value from which the effective width of recording track of a magnetic 
sensing element is set to 0.17 micrometers when distance between said up shielding layer in the location 
which laps with the center of said multilayers, and said lower shielding layer is set to Glc. 
[Claim 2] The lower shielding layer which consists of a magnetic material on a substrate, and the lower 
gap layer which consists of an insulating ingredient by which a laminating is carried out on this lower 
shielding layer, The multilayers by which have the fixed magnetic layer to which the magnetization 
direction is fixed by the switched connection field with an antiferromagnetism layer and said 
antiferromagnetism layer, a non-magnetic material layer, and the free magnetic layer to which 
magnetization is changed to an external magnetic field, and a laminating is carried out on said lower gap 
layer, The polar zone for supplying a current to said multilayers, and the up gap layer which consists of 
an insulating ingredient by which a laminating is carried out on said multilayers and said polar zone, In 
the magnetic sensing element which has the up shielding layer which consists of a magnetic material by 
which a laminating is carried out on said up gap layer said polar zone Two or more layer laminating of 
the electrode layer which consists of an electrode of the pair which opened predetermined spacing 
crosswise [ truck ] and was formed in the field which laps with said multilayers, and/or the both-sides 
field of said multilayers is carried out. Spacing of the truck cross direction of the electrode of said pair is 
enlarged for the upper electrode layer. Among said electrode layers which are layers The part on the 
electrode layer of the lowest layer, A wrap insulating layer is formed in all the fields on electrode layers 
other than the electrode layer of said lowest layer. It is said field which lap only with the electrode layer 
of the lowest layer among the electrode layers of a layer. When distance between said up shielding layer 
in the location which laps the distance between said up shielding layer in the field which does not lap 
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with said insulating layer, and said lower shielding layer with the center of Gls and said multilayers, and 
said lower shielding layer is set to Glc The magnetic sensing element characterized by setting below to 
the value from which the effective width of recording track of a magnetic sensing element is set to 0.17 
micrometers in said value of the difference of Glc with said Gls. 

[Claim 3] The magnetic sensing element according to claim 1 or 2 which sets said Gls and said value of 
Glc as the range which fills Glc-20 nm<=Gls<=Glc+90nm. 

[Claim 4] The magnetic sensing element according to claim 1 or 2 which sets said Gls and said value of 
Glc as the range which fills Glc-20 nm<=Gls<=Glc+30nm. 

[Claim 5] The magnetic sensing element according to claim 1 to 4 which sets said Gls and said value of 
Glc as the range which fills 0.67 <=Gls/Glc<=2.50. 

[Claim 6] The magnetic sensing element according to claim 1 to 4 which sets said Gls and said value ot 
Glc as the range which fills 0.67 <=Gls/Glc<=l .50. 

[Claim 7] The magnetic sensing element according to claim 1 to 6 which makes said Gls and said value 
ofGlcGls>Glc. 

[Claim 8] The magnetic sensing element according to claim 1 to 6 which makes said Gls and said value 
of Glc Gls=Glc. 

[Claim 9] The magnetic sensing element according to claim 1 to 6 which makes said Gls and said value 
ofGlcGls<Glc. " 

[Claim 10] The lower shielding layer which consists of a magnetic material on a substrate, and the lower 
gap layer which consists of an insulating ingredient by which a laminating is carried out on this lower 
shielding layer, The multilayers by which have the fixed magnetic layer to which the magnetization 
direction is fixed by the switched connection field with an antiferromagnetism layer and said 
antiferromagnetism layer, a non-magnetic material layer, and the free magnetic layer to which 
magnetization is changed to an external magnetic field, and a laminating is carried out on said lower gap 
layer, The hard bias layer for arranging the magnetization direction of said free magnetic layer in the 
fixed direction, The polar zone for supplying a current to said multilayers formed in the location which 
laps with said hard bias layer, In the magnetic sensing element which has the up gap layer which 
consists of an insulating ingredient by which a laminating is carried out on said multilayers and said 
polar zone, and the up shielding layer which consists of a magnetic material by which a laminating is 
carried out on said up gap layer Said polar zone to the field which laps with said multilayers, and/or the 
both-sides field of said multilayers The magnetic sensing element to which two or more layer laminating 
of the electrode layer which consists of an electrode of the pair which opened predetermined spacing 
crosswise [ truck ] and was formed in it is carried out, and the upper electrode layer is characterized by 
enlarging spacing of the truck cross direction of the electrode of said pair. 

[Claim 1 1] Said hard bias layer is a magnetic sensing element according to claim 1 to 10 which has 
countered through the bias substrate layer of lnm or less of thickness which the side face by the side of 
said multilayers is directly in contact with the side face of said free magnetic layer, or becomes from the 
side face and non-magnetic material of said free magnetic layer. 

[Claim 12] The electrode layer of a layer is a magnetic sensing element according to claim 1 to 1 1 to 
which said include angle which as parallel to said multilayers front face a flat surface as the upper 
electrode layer and the tangential plane of the front end edge of said electrode layer make becomes 
small. 

[Claim 13] The electrode layer of a layer is said magnetic sensing element according to claim 1 to 12 to 

which thickness becomes thick like the upper electrode layer two or more. 

[Claim 14] The depth die length of the height direction of the electrode layer of the lowest layer is a 

magnetic sensing element [ longer than the depth die length of the height direction of said multilayers ] 

according to claim 1 to 13 among said electrode layers which are layers. 

[Claim 15] Said magnetic sensing element according to claim 1 to 14 which makes two or more 

ingredients of the electrode layer of the lowest layer any one sort of W, Ta, Rh, Ir, and Ru, or two sorts 

or more among the electrode layers of a layer, and forms the ingredient of electrode layers other than the 

electrode layer of the lowest layer by any one sort of Cr, Cu, Au, and Ta, or two sorts or more. 



u««./*™«a twin! on Wr.oi.Wtnm web cei eiie?u=htro%3A%2F%2Fwww4.ipdl.n... 12/9/2005 



JP,2002-280643,A [CLAIMS] 



Page 3 of 4 



rClaim 161 (a) The process which forms the multilayers which demonstrate a lower shielding layer a 
lower gap layer, and a magneto-resistive effect on a substrate, (b) The process which forms a resist layer 
on said multilayers, and the process which deletes the field which is not covered with said resist layer of 
the (c) aforementioned multilayers, (d) to the field which laps with said multilayers, and/or he both- 
sides field of said multilayers The process which forms the 1st electrode layer which consists of an 
electrode of the pair which opened predetermined spacing crosswise [ truck ] and was formed in it from 
a predetermined include angle to the direction of a normal of said substrate, and removes the account 
resist layer of back to front, (e) The process which forms the resist layer for lift off in which the shttmg 
section was formed on said multilayers and said 1 st electrode layer, (f) The process which forms the 2nd 
electrode layer from a predetermined include angle on said 1st electrode layer to the direction of a 
normal of said substrate, (g) The manufacture approach of the magnetic sensing element characterized 
by having the process which removes said resist layer for said lift off, the process which forms an up gap 
layer on the (h) aforementioned multilayers and the 2nd electrode layer, and the process which forms an 
up shielding layer on the (i) aforementioned up gap layer. . ct > H ; no , m 

rClaim 17] The manufacture approach of a magnetic sensing element according to claim 16 of setting up 
more greatly than the predetermined include angle in the process of the above (d) said predetermined 
include angle in the process of the above (f). .. . 

[Claim 18] The manufacture approach of the magnetic sensing element according to claim 16 or 17 
which makes thickness of the 2nd electrode layer thicker than the thickness of said 1st electrode layer in 

the process of the above (f). _ , 

[Claim 19] It forms on the electrode layer of the maximum upper layer among the already formed . two or 
more layers electrode layers from said multilayers, applying the resist layer for lift off bywhich 0) 
slitting section was formed between the process of the above (g), and the process of (h) The 
manufacture approach of a magnetic sensing element according to claim 16 to 18 of performing the 
process which forms still more nearly another electrode layer from a predetermined membrane 
formation include angle to the direction of a normal of said substrate, and removes the account resist 
layer of back to front on the electrode layer of said maximum upper layer once or more. 
[Claim 20] The manufacture approach of the magnetic sensing element according to claim 19 which 
makes the membrane formation include angle when forming said another electrode layer larger than the 
membrane formation include angle when forming the lower layer electrode layer of said another 
electrode layer in the process of the above (j). n 
rClaim 21] The manufacture approach of the magnetic sensing element according to claim 19 or 20 
which makes thickness of said another electrode layer thicker than the thickness of the lower layer 
electrode layer of said another electrode layer in the process of the above (j). 

[Claim 22] Between the process of the above (f), the process of the above (g) between the processes of 
me above (g), and the processes of the above (h), or in between (k) the process of the above (j), and the 
processes of the above (h) The manufacture approach of a magnetic sensing element according to claim 
16 tc 21 of having the process which forms a wrap insulating layer for the top face of all electrode layers 
other than the electrode layer of said lowest layer. 

[Claim 23] To the field which laps with the part on the electrode layer of the lowest layer between the 
process of the above (h), and the process of the above (i) among the (1) aforementioned flayers and 
the electrode layer formed two or more layers The laminating of the resist layer for lift off in which the 
slitting section was formed is carried out, and said substrate is received^ On said up gap ^yer fr °m 
across The manufacture approach of a magnetic sensing element according to claim 16 to 22 of having 
the process which forms a wrap insulating layer for all the fields on electrode layers other than the 

electrode layer of said lowest layer. , . ...^.r 

[Claim 24] The manufacture approach of a magnetic sensing element according to claim 16 to 23 ol 
having the process which forms said 1st electrode layer according to the process of the above (d) after 
forming a hard bias layer on both sides of said multilayers after the process of the above (c) 
[Claim 251 The manufacture approach of the magnetic sensing element according to claim 16 to 24 
which forms the depth die length of the height direction of said 1st electrode layer in the process of the 



~~ ;~/™;.wt™ roi ene?ii=htto%3A%2F%2Fwww4.ipdl.n... 12/9/2005 



JP,2002-280643,A [CLAIMS] 



Page 4 of 4 



above (d) for a long time than the depth die length of the height direction of said multilayers. 
[Claim 26] The ingredient of said 1st electrode layer is made into any one sort or two sorts or more in 
W, Ta, Rh, Ir, and Ru in the process of the above (d). The manufacture approach of the magnetic sensing 
element according to claim 16 to 25 which makes the ingredient of electrode layers other than said 1st 
electrode layer any one sort or two sorts or more in Cr, Cu, Au, and Ta in the process of the above (f) 
and (j). 

[Claim 27] Said field which lap only with the electrode layer of the lowest layer among the electrode 

layers of a layer Or it is said field which lap only with the electrode layer of the lowest layer among the 

electrode layers of a layer, and can set to the field which does not lap with said insulating layer. When 

distance between said up shielding layer in the location which laps the distance between said up 

shielding layer and said lower shielding layer with the center of Gls and said multilayers, and said lower 

shielding layer is set to Glc The manufacture approach of a magnetic sensing element according to claim 

1 6 to 26 of setting the value of said difference of Gls and Glc below to the value from which the 

effective width of recording track of a magnetic sensing element is set to 0. 1 7 micrometers. 

[Claim 28] The manufacture approach of a magnetic sensing element according to claim 27 of setting 

said Gls and said value of Glc as the range which fills Glc-20 nm<=Gls<=Glc+90nm. 

[Claim 29] The manufacture approach of a magnetic sensing element according to claim 27 or 28 of 

setting said Gls and said value of Glc as the range which fills 0.67 <=Gls/Glc<=2.50. 

[Claim 30] The manufacture approach of the magnetic sensing element according to claim 27 to 29 

which makes said Gls and said value of Glc Gls>Glc. 

[Claim 31] The manufacture approach of the magnetic sensing element according to claim 27 to 29 
which makes said Gls and said value of Glc Gls=Glc. 

[Claim 32] The manufacture approach of the magnetic sensing element according to claim 27 to 29 
which makes said Gls and said value of Glc Gls<Glc. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic sensing element which detects a field 
using a magneto-resistive effect, and relates to the magnetic sensing element which can narrow the 
effective width of recording track and can respond to high recording density-ization especially, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] Drawing 28 is the sectional view which saw the conventional magnetic 
sensing element from the opposed face side with a record medium. 

[0003] In the magnetic sensing element shown in drawing 28 , the laminating of the lower gap layer 9 is 
carried out on the lower shielding layer 8, the antiferromagnetism layer 1 1 is formed in the direction of 
illustration X for a long time through the substrate layer 10 on the lower gap layer 9, and the 
antiferromagnetism layer 1 1 projects only the height dimension dl, and is formed at the core of the 
direction of X. And on this projected antiferromagnetism layer 1 1, the fixed magnetic layer 12, the 
nonmagnetic conductive layer 13, the free magnetic layer 14, and a protective layer 15 are formed, and 
the layered product to a protective layer 15 consists of substrate layers 10 as multilayers 16. 
[0004] The antiferromagnetism layer 1 1 is formed with antiferromagnetism ingredients, such as a Pt-Mn 
(platinum-manganese) alloy. 

[0005] Said fixed magnetic layer 12 and free magnetic layer 14 are formed with a nickel-Fe (nickel-iron) 
alloy, Co (cobalt), the Co-Fe (cobalt-iron) alloy, the Co-Fe-nickel alloy, etc., and said nonmagnetic 
conductive layer 13 is formed with the nonmagnetic electrical conducting material with low electric 
resistance, such as Cu (copper). 

[0006] And as shown in drawing 28 , from on the width method T8 of the antiferromagnetism layer 1 1 
which was extended in the direction of illustration X and formed in it, it applies to the side face of the 
fixed magnetic layer 12, the nonmagnetic conductive layer 13, and the free magnetic layer 14, the metal 
membrane 17 used as the buffer film and orientation film which were formed by Cr etc. is formed, and 
the bias field generated from the hard bias layer 18 later mentioned by formation of this metal 
membrane 17 can be increased. 

[0007] On the metal membrane 17, the hard bias layer 18 formed with the Co-Pt (cobalt-platinum) alloy, 
the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc. is formed. 

[0008] The hard bias layer 18 is magnetized in the direction of illustration X (truck cross direction), and 
magnetization of the free magnetic layer 14 is arranged in the direction of illustration X by the bias field 
to the direction of X from the hard bias layer 18. 

[0009] Moreover, on the hard bias layer 18, the electrode layer 20 which the interlay er 19 formed by 
non-magnetic materials, such as Ta, was formed, and was formed by Cr, Au, Ta, W, etc. on this 
interlay er 19 is formed. 

[0010] Furthermore, the laminating of the up gap layer 21 which consists of an insulating material on 
multilayers 16 and the electrode layer 20 is carried out, and the up shielding layer 22 is formed on the up 
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gap layer 21 which consists of a magnetic material. 

[001 1] Here, the width method of the top face of multilayers 16 the electrode layer 20 is not formed is 
optical truck width method O-Tw, and the distance between the up shielding layer 22 in the location 
which laps with the center of multilayers 16, and the lower shielding layer 8 is gap length Gl. 

[0012] . . 

[Problem(s) to be Solved by the Invention] In order that high recording density-ization of a magnetic- 
recording medium may progress increasingly and may enlarge track recording density in recent years, it 
has come to be required that gap length Gl of a magnetic sensing element should be shortened 
increasingly. In order to shorten gap length Gl, it is necessary to make small thickness of the lower gap 
layer 9 and the up gap layer 21 . . 
[0013] However, with the structure of the conventional magnetic sensing element as shown in drawing 
28 , the level difference is formed in the forming face of the up gap layer 21 of surface 16a of 
multilayers 16, and side-face 20a of the electrode layer 20. The laminating of the insulating ingredient 
for forming the up gap layer 21 on this level difference is hard to be carried out. Therefore, if thickness 
of the up gap layer 21 is made small while it has been in the condition that said level difference was 
formed, the up gap layer 21 will become is hard to be formed on this level difference, and it will become 
easy to short-circuit between the up shielding layer 22 and the electrode layers 20 electrically. 
[0014] Moreover, the field from the record medium generated from the recording track in the both sides 
of the recording track for detection invades into a magnetic sensing element, and the phenomenon in 
which it is sensed in the field near the both-sides section of multilayers 16 arises. This phenomenon 
could be disregarded, when the truck width method and track pitch spacing of a magnetic sensing 
element were large, for example a truck width method was 0.2 micrometers or more. However, if said 
truck width method is set to 0.2 micrometers or less, track pitch spacing will also become narrow. The 
rate of the magnitude of the field which invades from the recording track in both sides to the magnitude 
of the field from the recording track for detection becomes large. The phenomenon in which an effective 
truck width method will become larger than optical truck width method O-Tw as a result arose, and the 
problem of it becoming impossible for a magnetic sensing element to correspond to high recording 
density-ization of a record medium had arisen. 

[0015] This invention aims at offering the magnetic sensing element which it is and can advance 
narrow-gap-izing of a magnetic sensing element, and narrow track width-of-face-ization and its 
manufacture approach for solving the above-mentioned conventional technical problem. 

[0016] . . 

[Means for Solving the Problem] The lower shielding layer to which this mvention consists ot a 
magnetic material on a substrate, and the lower gap layer which consists of an insulating ingredient by 
which a laminating is carried out on this lower shielding layer, The multilayers by which have the fixed 
magnetic layer to which the magnetization direction is fixed by the switched connection field with an 
antiferromagnetism layer and said antiferromagnetism layer, a non-magnetic material layer, and the free 
magnetic layer to which magnetization is changed to an external magnetic field, and a laminating is 
carried out on said lower gap layer, The polar zone for supplying a current to said multilayers, and the 
up gap layer which consists of an insulating ingredient by which a laminating is carried out on said 
multilayers and said polar zone, In the magnetic sensing element which has the up shielding layer which 
consists of a magnetic material by which a laminating is carried out on said up gap layer said polar zone 
Two or more layer laminating of the electrode layer which consists of an electrode of the pair which 
opened predetermined spacing crosswise [ truck ] and was formed in the field which laps with said 
multilayers, and/or the both-sides field of said multilayers is carried out. Spacing of the truck cross 
direction of the electrode of said pair is enlarged for the upper electrode layer. The distance between said 
up shielding layer in said field which lap only with the electrode layer of the lowest layer among the 
electrode layers of a layer, and said lower shielding layer Gls, When distance between said up shielding 
layer in the location which laps with the center of said multilayers, and said lower shielding layer is set 
to Glc, it is characterized by setting the value of said difference of Gls and Glc below to the value from 
which'the effective width of recording track of a magnetic sensing element is set to 0.17 micrometers. 
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[0017] Since the electrode layer of said lowest layer is adjoined and prepared in the both sides of said 
multilayers, the distance Gls between said up shielding layer in the field which laps only with the 
electrode layer of said lowest layer, and said lower shielding layer will be called the distance between 
said up shielding layer [ / near the both sides of said multilayers ], and said lower shielding layer. 
[0018] If the distance between said up shielding layer [ / near the both sides of said multilayers ] and 
said lower shielding layer becomes large, it will pass along between said up shielding layer and said 
lower shielding layers, the field from the record medium generated from the recording track of the both 
sides of the recording track for detection will become easy to invade into a magnetic sensing element, 
and the effective width of recording track will become large. That is, it becomes easy to generate the 
cross talk between recording tracks. 

[0019] If the value of said difference of Gls and Glc actually becomes large so that it may mention later, 
the effective width of recording track of a magnetic sensing element will also become large. 
[0020] In this invention, by making the value of said difference of Gls and Glc below into a 
predetermined value, it can suppress that the distance between said up shielding layer [ / near the both 
sides of said multilayers ] and said lower shielding layer becomes large, and the effective width of 
recording track can be made small. Especially, in this invention, the effective width of recording track is 
made to 0. 1 7 micrometers or less. 

[0021] However, if distance between said up shielding layer [ / near the both sides of said multilayers ] 
and said lower shielding layer is made small, it will be prepared in the both sides of said multilayers, it 
will be necessary to make thin thickness of the electrode layer which supplies a direct current to said 
multilayers, and, as a result, the direct-current-resistance value of a magnetic sensing element will 
become large. 

[0022] So, in this invention, two or more layer laminating of the electrode layer which consists of an 
electrode of the pair opened and formed is carried out [ spacing / predetermined to the truck cross 
direction ] in said polar zone. The upper electrode layer in the place which formed said polar zone thinly 
[ near / said / the multilayers ], and is distant from said multilayers by having enlarged spacing of the 
truck cross direction of the electrode of said pair Thickness of said polar zone is enlarged by carrying 
out two or more layer laminating of said electrode layer. 

[0023] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between said up shielding layer [ / near the both sides of said multilayers ], 
and said lower shielding layer. 

[0024] Moreover, in this invention, since said polar zone can be formed thinly [ near / said / the 
multilayers ], the level difference formed of the front face of said multilayers and the side face of said 
polar zone can be made low. Therefore, even if it makes thickness of said up gap layer small, said up 
gap layer can be certainly formed on this level difference. Namely, the electric short circuit between said 
up shielding layers and said electrode layers can be more certainly prevented now. 
[0025] Moreover, the lower shielding layer to which this invention consists of a magnetic material on a 
substrate and the lower gap layer which consists of an insulating ingredient by which a laminating is 
carried out on this lower shielding layer, The multilayers by which have the fixed magnetic layer to 
which the magnetization direction is fixed by the switched connection field with an antiferromagnetism 
layer and said antiferromagnetism layer, a non-magnetic material layer, and the free magnetic layer to 
which magnetization is changed to an external magnetic field, and a laminating is carried out on said 
lower gap layer, The polar zone for supplying a current to said multilayers, and the up gap layer which 
consists of an insulating ingredient by which a laminating is carried out on said multilayers and said 
polar zone, In the magnetic sensing element which has the up shielding layer which consists of a 
magnetic material by which a laminating is carried out on said up gap layer said polar zone Two or more 
layer laminating of the electrode layer which consists of an electrode of the pair which opened 
predetermined spacing crosswise [ truck ] and was formed in the field which laps with said multilayers, 
and/or the both-sides field of said multilayers is carried out. Spacing of the truck cross direction of the 
electrode of said pair is enlarged for the upper electrode layer. Among said electrode layers which are 
layers The part on the electrode layer of the lowest layer, A wrap insulating layer is formed in all the 
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fields on electrode layers other than the electrode layer of said lowest layer. It is said field which lap 
only with the electrode layer of the lowest layer among the electrode layers of a layer. When distance 
between said up shielding layer in the location which laps the distance between said up shielding layer 
in the field which does not lap with said insulating layer, and said lower shielding layer with the center 
of Gls and said multilayers, and said lower shielding layer is set to Glc It is characterized by setting 
below to the value from which the effective width of recording track of a magnetic sensing element is 
set to 0.17 micrometers in said value of the difference of Glc with said Gls. 

[0026] In this invention, since two or more wrap insulating layers are formed among the electrode layers 
of a layer in the part on the electrode layer of the lowest layer, and all the fields on electrode layers other 
than the electrode layer of said lowest layer, in said part which influences neither the effective width of 
recording track nor playback pulse width (PW50), the electric short circuit between said up shielding 
layers and said electrode layers can be prevented more certainly. 

[0027] Moreover, it is desirable to set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0028] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=l .50 still more preferably. 

[0029] In addition, it is good also as Gls<Glc also as Gls=Glc also considering said Gls and said value 
of Glc as Gls>Glc within the limits of said Gls mentioned above and said value of Glc. 
[0030] If it is Gls>Glc, the distance between said up shielding layer [ / near the both sides of said 
multilayers ] and said lower shielding layer is larger than the distance between said up shielding layer in 
the field which laps with said multilayers, and said lower shielding layer (gap length). 
[0031] If it is Gls=Glc, the distance between said up shielding layer [ / near the both sides of said 
multilayers ] and said lower shielding layer is equal to the distance between said up shielding layer in 
the field which laps with said multilayers, and said lower shielding layer (gap length). 
[0032] If it is Gls<Glc, the distance between said up shielding layer [ / near the both sides of said 
multilayers ] and said lower shielding layer is smaller than the distance between said up shielding layer 
in the field which laps with said multilayers, and said lower shielding layer (gap length). 
[0033] Moreover, the lower shielding layer to which this invention consists of a magnetic material on a 
substrate and the lower gap layer which consists of an insulating ingredient by which a laminating is 
carried out on this lower shielding layer, The multilayers by which have the fixed magnetic layer to 
which the magnetization direction is fixed by the switched connection field with an antiferromagnetism 
layer and said antiferromagnetism layer, a non-magnetic material layer, and the free magnetic layer to 
which magnetization is changed to an external magnetic field, and a laminating is carried out on said 
lower gap layer, The hard bias layer for arranging the magnetization direction of said free magnetic 
layer in the fixed direction, The polar zone for supplying a current to said multilayers formed in the 
location which laps with said hard bias layer, In the magnetic sensing element which has the up gap 
layer which consists of an insulating ingredient by which a laminating is carried out on said multilayers 
and said polar zone, and the up shielding layer which consists of a magnetic material by which a 
laminating is carried out on said up gap layer Said polar zone to the field which laps with said 
multilayers, and/or the both-sides field of said multilayers Two or more layer laminating of the electrode 
layer which consists of an electrode of the pair which opened predetermined spacing crosswise [ truck ] 
and was formed in it is carried out, and the upper electrode layer is characterized by enlarging spacing of 
the truck cross direction of the electrode of said pair. 

[0034] In this invention, said free magnetic layer is single-domain-ized using the hard bias layer which 
consists of a ferromagnetic high ingredient of the capacity to arrange the magnetization direction of said 
free magnetic layer in the fixed direction. 

[0035] However, if a hard bias layer is used, the level difference which must stop having to form said 
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polar zone in the location which laps with this hard bias layer, and is formed of the front face of said 
multilayers and the side face of said polar zone will become high, and an up gap layer will become that 
it is hard to be formed certainly. 

[0036] In this invention, two or more layer laminating of the electrode layer which consists of an 
electrode of the pair which opened spacing predetermined to the truck cross direction, and was formed 
in said polar zone is carried out, and spacing of the truck cross direction of the electrode of said pair the 
upper electrode layer by having been enlarged Thickness of said polar zone is enlarged by forming said 
polar zone thinly [ near / said / the multilayers ], and carrying out two or more layer laminating of said 
electrode layer in the place distant from said multilayers. 

[0037] Therefore, in this invention, since said polar zone can be formed thinly [ near / said / the 
multilayers ], the level difference formed of the front face of said multilayers and the side face of said 
polar zone can be made low, and said up gap layer can be certainly formed on this level difference. 
Namely, the electric short circuit between said up shielding layers and said electrode layers can be more 
certainly prevented now. 

[0038] In addition, if the side face by the side of said multilayers has countered through the bias 
substrate layer of lnm or less of thickness which is directly in contact with the side face of said free 
magnetic layer, or consists of the side face and non-magnetic material of said free magnetic layer, since 
said hard bias layer and said free magnetic layer will serve as a continuum magnetically and stability of 
said hard bias layer will increase, it is desirable. 

[0039] Moreover, said include angle which as parallel to said multilayers front face a flat surface as the 
upper electrode layer and the tangential plane of the front end edge of said electrode layer make 
becomes small, and, as for the electrode layer of a layer, it is as desirable as the upper electrode layer 
that thickness becomes [ two or more ] thick. 

[0040] Moreover, in this invention, the direct-current-resistance value of a magnetic sensing element can 
be made small by [ said ] making two or more depth die length of the height direction of the electrode 
layer of the lowest layer longer than the depth die length of the height direction of said multilayers 
among the electrode layers of a layer. 

[0041] In addition, the electrode layer of said lowest layer electrically connected with said multilayers 
among the electrode layers of a layer [ two or more ] So that it may be hard to generate a smear in the 
process which grinds an opposed face with the record medium of a magnetic sensing element, and 
adjusts a direct-current-resistance value As for electrode layers other than the electrode layer of the 
lowest layer, it is desirable to use any one sort of Cr, Cu, small Au, and small Ta of specific resistance or 
two sorts or more as an ingredient, using any one sort of W, Ta, Rh, Ir, and Ru or two sorts or more as 
an ingredient. 

[0042] The effective width of recording track is measured for example, by the full truck pronle method. 
Hereafter, it explains, referring to drawing 27 about the full truck profile method. 
[0043] Record the signal on the record medium with the recording track of the recording track width of 
face Ww broader than the component width of face of the magnetic sensing element R, a magnetic 
sensing element is made to scan crosswise [ truck ] (the direction of X) on a recording track, and the 
relation between the location of the recording track cross direction (the direction of X) of a magnetic 
sensing element and a playback output is measured. The measurement result is shown in the drawing 27 

bottom. 1-1 
[0044] When the playback wave of this measurement result is seen, near the center of a recording track, 
it turns out that a playback output becomes low as a playback output becomes high and it separates from 
the center of a recording track. 

[0045] The intersection of the tangent and the X-axis in the point Pa that the playback output on a 
playback wave becomes 50% of maximum, and Point Pb is made into Point Pc and Point Pd, 
respectively The difference of the distance A between Point Pc and Point Pd and the distance B between 
Point Pa and Point Pb (half-value width) serves as the effective width of recording track of a magnetic 
sensing element. Here, the unit of the X-axis is standardized so that it may become the half-value-width 
B= recording track width of face Ww. 
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[0046] The process at which the manufacture approach of the magnetic sensing element of this invention 
forms the multilayers which demonstrate a lower shielding layer, a lower gap layer, and a magneto- 
resistive effect on the (a) substrate, (b) The process which forms a resist layer on said multilayers, and 
the process which deletes the field which is not covered with said resist layer of the (c) aforementioned 
multilayers, (d) to the field which laps with said multilayers, and/or the both-sides field of said 
multilayers The process which forms the 1st electrode layer.which consists of an electrode of the pair 
which opened predetermined spacing crosswise [ truck ] and was formed in it from a predetermined 
include angle to the direction of a normal of said substrate, and removes the account resist layer of back 
to front, (e) The process which forms the resist layer for lift off in which the slitting section was formed 
on said multilayers and said 1st electrode layer, (f) The process which forms the 2nd electrode layer 
from a predetermined include angle on said 1st electrode layer to the direction of a normal of said 
substrate, (g) It is characterized by having the process which removes the resist layer for said lift off, the 
process which forms an up gap layer on the (h) aforementioned multilayers and the 2nd electrode layer, 
and the process which forms an up shielding layer on the (i) aforementioned up gap layer. 
[0047] Said predetermined include angle in the process of the above (f) is set up more greatly than the 
predetermined include angle in the process of the above (d), and it is desirable in the process of the 
above (f) to make thickness of the 2nd electrode layer thicker than the thickness of said 1st electrode 
layer. 

[0048] Moreover, it forms on the electrode layer of the maximum upper layer among the already formed 
two or more layers electrode layers from said multilayers, applying the resist layer for lift off by which 
(j) slitting section was formed between the process of the above (g), and the process of (h). Still more 
nearly another electrode layer may be formed from a predetermined membrane formation include angle 
to the direction of a normal of said substrate on the electrode layer of said maximum upper layer, and the 
process which removes the account resist layer of back to front may be performed once or more. 
[0049] In addition, in the process of the above (j), it is desirable to make the membrane formation 
include angle when forming said another electrode layer larger than the membrane formation include 
angle when forming the lower layer electrode layer of said another electrode layer, and to make 
thickness of said another electrode layer thicker than the thickness of the lower layer electrode layer of 
said another electrode layer. 

[0050] Moreover, it sets between the process of the above (f), and the process of the above (g) between 
the process of the above (g), and the process of the above (h), or between the process of the above (j), 
and the process of the above (h) (k). It is desirable to have the process which forms a wrap insulating 
layer for the top face of all electrode layers other than the electrode layer of said lowest layer. 
[0051] To moreover, the field which laps with the part on the electrode layer of the lowest layer between 
the process of the above (h), and the process of the above (i) among the (1) aforementioned multilayers 
and the electrode layer formed two or more layers It is desirable to have the process which carries out 
the laminating of the resist layer for lift off in which the slitting section was formed, and forms a wrap 
insulating layer for all the fields on electrode layers other than the electrode layer of said lowest layer 
from across on said up gap layer to said substrate. 

[0052] Since a wrap insulating layer is formed in all the fields on electrode layers other than the 
electrode layer of said lowest layer, the magnetic sensing element formed by the manufacture approach 
of a magnetic sensing element of having the process of the above (k) and/or the process of the above (1) 
can prevent more certainly the electric short circuit between said up shielding layers and said electrode 
layers in the part which influences neither the effective width of recording track nor playback pulse 
width (PW50). 

[0053] In this invention, after the process of the above (c), after forming a hard bias layer on both sides 
of said multilayers, you may have the process which forms said 1st electrode layer according to the 
process of the above (d). 

[0054] Moreover, in the process of the above (d), it is desirable to form the depth die length of the 
height direction of said 1st electrode layer for a long time than the depth die length of the height 
direction of said multilayers. 
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[0055] Moreover, in the process of the above (d), it is desirable to make the ingredient of said 1st 
electrode layer into any one sort of W, Ta, Rh, Ir, and Ru or two sorts or more, and to make the 
ingredient of electrode layers other than said 1st electrode layer into any one sort of Cr, Cu, Au, and Ta 
or two sorts or more in the process of the above (f) and (j). 

[0056] In the manufacture approach of the magnetic sensing element of above-mentioned this invention 
In addition, the inside of said two or more layers electrode layer, It is the field which laps only with the 
electrode layer of the lowest layer, or said field which laps only with the electrode layer of the lowest 
layer among the electrode layers of a layer, and can set to the field which does not lap with said 
insulating layer. When distance between said up shielding layer in the location which laps the distance 
between said up shielding layer and said lower shielding layer with the center of Gls and said 
multilayers, and said lower shielding layer is set to Glc It is desirable to set the value of said difference 
of Gls and Glc below to the value from which the effective width of recording track of a magnetic 
sensing element is set to 0. 17 micrometers. 

[0057] Or the range which fulfills said Gls and said value of Glc for Glc-20 nm<=Gls<=Glc+90nm, or 

said Gls and said value of Glc may be set as the range which fills 0.67 <=Gls/Glc<=2.50. 

[0058] In the range mentioned above, it is good also as Gls<Glc also as Gls=Glc also considering said 

Gls and said value of Glc as Gls>Glc. 

[0059] 

[Embodiment of the Invention] Drawing 1 is the sectional view which saw the magnetic sensing element 
of the gestalt of operation of the 1st of this invention from the opposed face side with a record medium. 
[0060] In drawing 1 , the multilayers T to which the laminating of the free magnetic layer 37 of the 
synthetic ferry free mold which consists of the substrate layer 33, the antiferromagnetism layer 34, fixed 
magnetic layer 35of ** 1st a, nonmagnetic middle class 35b, the fixed magnetic layer 35 of the synthetic 
ferry PINDO mold which consists of the 2nd fixed magnetic layer 35c, the non-magnetic material layer 
36, free magnetic layer 37of ** 2nd a, nonmagnetic middle class 37b, and 1st free magnetic layer 37c, 
and the protective layer 38 was carried out are formed. 

[0061] The lower shielding layer 31 and the lower gap layer 32 are formed on the substrate (not shown) 
by the lower layer of Multilayers T through the substrate layer (not shown) which consists of insulating 
ingredients, such as an alumina. 

[0062] The antiferromagnetism layer 34 in Multilayers T is extended in the direction of illustration X, 
and the bias substrate layer 39 is formed of Cr, Ti, Mo, W50Mo50, etc. in contact with the top face of 
this extension section 34b, the side face of the fixed magnetic layer 35, the side face of the non-magnetic 
material layer 36, and the side face of 2nd free magnetic layer 37a. On the bias substrate layer 39, the 
hard bias layer 40 formed with the Co-Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome-platinum) 
alloy, etc. is formed. 

[0063] On the hard bias layer 40, the 1st electrode layers 42 and 42 which the interlay er 41 formed by 
non-magnetic materials, such as Ta, was formed, and were formed on this interlayer 41 by any one sort 
of Cr, Au, Ta, W, Rh, Ir, and Ru or two etc. sorts or more are formed. 
[0064] The 1st electrode layers 42 and 42 consist of an electrode of the pair which opened the 
predetermined spacing Spl crosswise [ truck ], and was formed in the both-sides field of Multilayers T. 
The laminating of the 1st electrode layer 42 and the 2nd electrode layers 43 and 43 formed by Cr, Au, 
Cu, Ta, etc. on 42 is carried out. As for the 2nd electrode layers 43 and 43, spacing Sp2 of the truck 
cross direction of the electrode of a pair is enlarged from the 1st electrode layers 42 and 42. 
[0065] The up gap layer 44 is formed by the front face of Multilayers T, the front face of the 1st 
electrode layers 42 and 42, and the front face of the 2nd electrode layers 43 and 43, and the up shielding 
45 is formed on the up gap layer 44. The up shielding layer 45 is covered with the protective layer 46 
which consists of an inorganic insulating material. Or the INDAKU tape head for record may be formed 
on the up shielding layer 45. 

[0066] The lower shielding layer 31, the lower gap layer 32, the substrate layer 33, the 
antiferromagnetism layer 34, the fixed magnetic layer 35, the non-magnetic material layer 36, the free 
magnetic layer 37, a protective layer 38, the bias substrate layer 39, the hard bias layer 40, an interlayer 
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41, the 1st electrode layer 42, the 2nd electrode layer 43, the up gap layer 44, the up shielding layer 45, 
and a protective layer 46 are formed of thin film formation processes, such as a spatter and vacuum 
deposition. 

[0067] The lower shielding layer 31 and the up shielding layer 45 are formed using magnetic materials, 
such as NiFe. In addition, as for the lower shielding layer 31 and the up shielding layer 45, it is desirable 
that the easy axis has turned to the truck cross direction (the direction of illustration X). The lower 
shielding layer 3 1 and the up shielding layer 45 may be formed by electrolysis plating. 
[0068] The lower gap layer 32, the up gap layer 44, and a protective layer 46 are formed using 
nonmagnetic inorganic materials, such as aluminum 203 and Si02. 

[0069] The substrate layer 33 is formed using Ta etc. The antiferromagnetism layer 34 is a PtMn alloy 
or a X-Mn (however, X is one-sort [ any ] or two sorts or more of elements of Pd, Ir, Rh, Ru, Os, nickel, 
and Fe) alloy, or is formed with a Pt-Mn-X (however, X' is any 1 or two or more sorts of elements of 
Pd, Ir, Rh, Ru, Au, Ag, Os, Cr, nickel, Ar, Ne, Xe, and Kr) alloy. 

[0070] In the condition immediately after membrane formation, although these alloys are the face 
centered cubic structures (fee) of an irregular system, they carry out a structure transformation by heat 
treatment at the face-centered square structure (fct) of a CuAuI type rule mold. 
[0071] The thickness of the antiferromagnetism layer 34 is 80-300 A, for example, 200A, in near the 
core of the truck cross direction. 

[0072] In the alloy shown here by said PtMn alloy for forming the antiferromagnetism layer 34, and the 
formula of said X-Mn, it is desirable that the range of Pt or X is 37 - 63at%. Moreover, in the alloy 
shown by said PtMn alloy and the formula of said X-Mn, it is more desirable that the range of Pt or X is 
47 - 57at%. Unless it specifies especially, the upper limit and minimum of the numerical range shown 
by - mean the above hereafter. 

[0073] Moreover, in the alloy shown by the formula of Pt-Mn-X', it is desirable that the range of X'+Pt 
is 37 - 63at%. Moreover, in the alloy shown by the formula of said Pt-Mn-X', it is more desirable that 
the range of X'+Pt is 47 - 57at%. Furthermore, in the alloy shown by the formula of said Pt-Mn-X', it is 
desirable that the range of X is 0.2 - 10at%. However, when X' is any one sort or two sorts or more of 
elements of Pd, Ir, Rh, Ru, Os, nickel, and Fe, as for X', it is desirable that it is the range of 0.2 - 40at%. 
[0074] The antiferromagnetism layer 34 which generates a big switched connection field can be 
obtained by using these alloys and heat-treating this. Especially, if it is a PtMn alloy, it has 48 or more 
kA/m, for example, the switched connection field which exceeds m in 64kA /, and the blocking 
temperature which loses said switched connection field can obtain 380 degrees C and the outstanding, 
very high antiferromagnetism layer 34. 

[0075] As for 1st fixed magnetic layer 35a and 2nd fixed magnetic layer 35c, it is desirable for it to be 
formed with a ferromagnetic ingredient, and to be formed with a NiFe alloy, Co, a CoFeNi alloy, a CoFe 
alloy, a CoNi alloy, etc., for example, to be formed especially of a CoFe alloy or Co. Moreover, as for 
1st fixed magnetic layer 35a and 2nd fixed magnetic layer 35c, being formed with the same ingredient is 
desirable. 

[0076] Moreover, nonmagnetic interlayer 35b is formed of a non-magnetic material, and is formed 
among Ru, Rh, Ir, Cr, Re, and Cu with one sort or these two sorts or more of alloys. Being formed 
especially of Ru is desirable. 

[0077] The non-magnetic material layer 36 is a layer in which magnetic association with the fixed 
magnetic layer 35 and the free magnetic layer 37 is prevented, and a sense current mainly flows, and it is 
desirable to be formed of the non-magnetic material which has conductivity, such as Cu, Cr, Au, and 
Ag. Being formed especially of Cu is desirable. 

[0078] the ~ the [ 1 free magnetic layer 37c and ] ~ as for 2 free magnetic layer 37a, it is desirable for it 
to be formed with a ferromagnetic ingredient, and to be formed with a NiFe alloy, Co, a CoFeNi alloy, a 
CoFe alloy, a CoNi alloy, etc., for example, to be especially formed with a NiFe alloy or a CoFe alloy, 
and a CoFeNi alloy. 

[0079] Nonmagnetic interlayer 37b is formed of a non-magnetic material, and is formed among Ru, Rh, 
Ir, Cr, Re, and Cu with one sort or these two sorts or more of alloys. Being formed especially of Ru is 
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desirable. 

[0080] A protective layer 38 is formed using Ta etc. If a substrate layer is formed using Cr, Ti, Mo, 
W50Mo50, etc. whose crystal structure is bcc (body-centered cubic lattice) structure about the bias 
substrate layer 39, the coercive force and the remanence ratio of the hard bias layer 40 will become 
large, and can enlarge a bias field. 

[0081] The multilayers T of the hard bias layer 40 and side-face 40a of the side which counters have 
countered only with the side face of the fixed magnetic layer 35, the side face of the non-magnetic 
material layer 36, and the side face of 2nd free magnetic layer 37a, and the side face of 1st free magnetic 
layer 37c has not countered. 

[0082] The hard bias layer 40 is magnetized in the direction of illustration X (truck cross direction), and 
magnetization of 2nd free magnetic layer 37a is arranged in the direction of illustration X by the bias 
field to the direction of X from the hard bias layer 40. 

[0083] The free magnetic layer 37 is in the ferrimagnetism condition that the laminating of 2nd free 
magnetic layer 37a and 1st free magnetic layer 37c from which the magnitude of the magnetic moment 
differs is carried out through nonmagnetic interlayer 37b, and the magnetization direction of 2nd free 
magnetic layer 37a and 1st free magnetic layer 37c serves as anti-parallel, this time — the one where the 
magnetic moment is larger, the [ for example, ], » the direction of the field which the magnetization 
direction of 2 free magnetic layer 37a generates from the hard bias layer 40 — suitable — the — an 
opposite direction will be turned to the magnetization direction of 1 free magnetic layer 37c 180 degrees 

[0084] the - the [ 2 free magnetic layer 37a and ] — if the magnetization direction of 1 free magnetic 
layer 37c will be in a ferrimagnetism condition of anti-parallel different 180 degrees, effectiveness 
equivalent to making thickness of the free magnetic layer 37 thin will be acquired, the effectual 
magnetic moment per unit area will become small, it will become easy to change magnetization of the 
free magnetic layer 37, and the field detection sensitivity of a magnetic sensing element will improve. 
[0085] The direction of the synthetic magnetic moment which added the magnetic moment of 1st free 
magnetic layer 37c and the magnetic moment of 2nd free magnetic layer 37a turns into the 
magnetization direction of the free magnetic layer 37. 

[0086] However, it is only the magnetization direction of 2nd free magnetic layer 37a which is 
contributed to an output by relation with the magnetization direction of the fixed magnetic layer 35. 
[0087] The hard bias layer 40 should just arrange one magnetization direction among 2nd free magnetic 
layer 37a which constitutes the free magnetic layer 37, and 1st free magnetic layer 37c. In drawing 1 , 
only the magnetization direction of 2nd free magnetic layer 37a is arranged. If the magnetization 
direction of 2nd free magnetic layer 37a is arranged in the fixed direction, 1st free magnetic layer 37c 
will be in the ferrimagnetism condition that the magnetization direction serves as anti-parallel, and the 
magnetization direction of the free magnetic layer 37 whole will be arranged in the fixed direction. 
[0088] With the gestalt of this operation, the hard bias layer 40 mainly gives the static magnetic field of 
the direction of illustration X to 2nd free magnetic layer 37a. Therefore, it can suppress that the 
magnetization direction (the direction of illustration X and reverse sense) of 1st free magnetic layer 37c 
is disturbed by the static magnetic field of the direction of illustration X generated from the hard bias 
layer 40. 

[0089] Moreover, in drawing 1 , that to which the laminating of 1st fixed magnetic layer 35a and 2nd 
fixed magnetic layer 35c from which the magnetic moment differs was carried out through nonmagnetic 
interlayer 35b functions as one fixed magnetic layer 35. 

[0090] By forming 1st fixed magnetic layer 35a in contact with the antiferromagnetism layer 34, and 
giving annealing in a magnetic field, the exchange anisotropy field by switched connection arises in the 
interface of 1st fixed magnetic layer 35a and the antiferromagnetism layer 34, and the magnetization 
direction of 1st fixed magnetic layer 35a is fixed in the direction of illustration Y. When the 
magnetization direction of 1st fixed magnetic layer 35a is fixed in the direction of illustration Y, the 
magnetization direction of 2nd fixed magnetic layer 35c which counters through nonmagnetic interlayer 
35b is fixed in the magnetization direction of said 1st fixed magnetic layer 35a, and the condition of 
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anti-parallel. 

[0091] Thus, since 1st fixed magnetic layer 35a and 2nd fixed magnetic layer 35c fix the magnetization 
direction of another side mutually and suit when the magnetization direction of 1st fixed magnetic layer 
35a and 2nd fixed magnetic layer 35c is in the ferrimagnetism condition used as anti-parallel, the 
magnetization direction of the fixed magnetic layer 35 is powerfully fixable in the fixed direction as a 
whole. 

[0092] In addition, the direction of the synthetic magnetic moment which added the magnetic moment of 
1st fixed magnetic layer 35a and the magnetic moment of 2nd fixed magnetic layer 35c turns into the 
magnetization direction of the fixed magnetic layer 35. 

[0093] In drawing 1 , each magnetic moment is changed by forming 1st fixed magnetic layer 35a and 
2nd fixed magnetic layer 35c using the same ingredient, and changing each thickness further. 
[0094] Moreover, the anti-field (dipole field) by fixed magnetization of 1st fixed magnetic layer 35a and 
2nd fixed magnetic layer 35c is cancellable when static magnetic field association of 1st fixed magnetic 
layer 35a and 2nd fixed magnetic layer 35c negates each other mutually. Thereby, the contribution to the 
fluctuation magnetization of the free magnetic layer 37 from the anti-field (dipole field) by fixed 
magnetization of the fixed magnetic layer 35 can be decreased. 

[0095] Therefore, it becomes easier to amend the direction of fluctuation magnetization of the free 
magnetic layer 37 towards desired, and it becomes possible to obtain the spin bulb mold thin film 
magnetic cell which was excellent in symmetry with small asymmetry. 

[0096] Here, when asymmetry shows the asymmetric degree of a playback output wave and a playback 
output wave is given, asymmetry will become small if the wave is symmetrical. Therefore, the playback 
output wave will be excellent in symmetric property, so that asymmetry approaches 0. 
[0097] Said asymmetry is set to 0 when the direction of magnetization of the free magnetic layer 37 and 
the direction of fixed magnetization of the fixed magnetic layer 35 lie at right angles. If asymmetry 
shifts greatly, reading of the information from media will become impossible correctly, and will cause 
an error. For this reason, the dependability of regenerative-signal processing will improve as a thing 
with said small asymmetry, and it becomes what was excellent as a spin bulb thin film magnetic cell. 
[0098] Moreover, although the anti-field (dipole field) Hd by fixed magnetization of a fixed magnetic 
layer has uneven distribution that it is large and small in the center section, at the edge in the component 
height direction and single domain-ization in the free magnetic layer 37 may be barred It can prevent 
that can set the dipole field Hd to Hd=0 mostly, and a magnetic domain wall is made in the free 
magnetic layer 37 by this, the ununiformity of magnetization occurs, and a Barkhausen noise etc. occurs 
by making the fixed magnetic layer 35 into the above-mentioned laminated structure. 
[0099] If the middle class 41 who consists of Ta or Cr is formed between the 1st electrode layer 42 and 
the hard bias layer 40, thermal diffusion can be prevented and degradation of the magnetic properties of 
the hard bias layer 40 can be prevented. 

[0100] In using Ta as the 1st electrode layer 42, it becomes easy to make the crystal structure of Ta by 
which a laminating is carried out to the upper layer of Cr by forming the interlay er 41 of Cr into the 
body-centered cubic structure of low resistance. 

[0101] Moreover, when using Cr as the 1st electrode layer 42, by forming the interlayer 41 of Ta, Cr 
grows epitaxial and can reduce resistance. 

[0102] The magnetic sensing element shown in drawing 1 is the so-called spin bulb mold MAG sensing 
element, the magnetization direction of the fixed magnetic layer 35 is fixed in the direction parallel to 
the direction of illustration Y proper, moreover, magnetization of the free magnetic layer 37 is arranged 
in the direction of illustration X proper, and orthogonality relation has magnetization of the fixed 
magnetic layer 35 and the free magnetic layer 37. And to the external magnetic field from a record 
medium, magnetization of the free magnetic layer 37 is changed with sufficient sensibility, electric 
resistance changes by the relation between fluctuation of this magnetization direction, and the fixed 
magnetization direction of the fixed magnetic layer 35, and the leak field from a record medium is 
detected by the electrical-potential-difference change based on this electric resistance value change. 
[0103] however, contributing to an electric resistance value change (output) directly - the [ the 
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magnetization direction of 2nd fixed magnetic layer 35c, and ] -- it is the angular relation of the 
magnetization direction of 2 free magnetic layer 37a, and it is desirable to lie at right angles in the 
condition that the condition and signal field which the detection current is energizing [ such angular 
relation ] are not impressed. 

[0104] With the gestalt of this operation, the 1st electrode layers 42 and 42 and the 2nd electrode layers 
43 and 43 form the polar zone of two-layer structure. The 1st electrode layers 42 and 42 are electrode 
layers of the lowest layer in this invention. 

[0105] With the gestalt of this operation, moreover, the inside of the 1st electrode layers 42 and 42 and 
the 2nd electrode layers 43 and 43, The distance between the up shielding layer 45 in the fields S and S 
which lap only with the 1st electrode layers 42 and 42 of the lowest layer, and the lower shielding layer 
31 Gls, When distance between the up shielding layer 45 in the location which laps with the center C of 
Multilayers T, and the lower shielding layer 31 is set to Glc, the value of said difference of Gls and Glc 
is set up so that it may become below the value from which effective width-of-recording-track E-Tw of 
a magnetic sensing element is set to 0.17 micrometers. Effective width-of-recording-track E-Tw was the 
width of recording track on the parenchyma of the magnetic sensing element measured by the full truck 
profile method, the micro truck profile method, etc. which were mentioned above, and generally, when 
optical width-of-recording-track O-Tw was set to 0.2 micrometers or less, there was an inclination used 
as E-Tw>0-Tw. In addition, the distance Glc between the up shielding layer 45 in the location which 
laps with the center C of Multilayers T, and the lower shielding layer 31 is the so-called gap length. 
[0106] It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0107] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=l .50 still more preferably. 

[0108] Drawing 1 is said Gls mentioned above and said range of the value of Glc, and makes said Gls 
and said value of Glc Gls>Glc. That is, the top face of the 1st electrode layer 42 is more nearly up (the 
direction of illustration Y) than the front face of Multilayers T. 

[0109] Since the 1st electrode layers 42 and 42 are adjoined and formed in the both sides of Multilayers 
T, the distance Gls between the up shielding layer 45 in the field S which laps only with the 1st 
electrode layers 42 and 42, and the lower shielding layer 31 will be called the distance between the up 
shielding layer [ / near the both sides of Multilayers T ] 45, and the lower shielding layer 31. 
[01 10] If the distance between the up shielding layer [ / near the both sides of Multilayers T ] 45 and the 
lower shielding layer 31 becomes large, it will pass along between the up shielding layer 45 and the 
lower shielding layers 31, the field from the record medium generated from the recording track of the 
both sides of the recording track for detection will become easy to invade into a magnetic sensing 
element, and effective width-of-recording-track E-Tw will become large. That is, it becomes easy to 
generate the cross talk between recording tracks. 

[01 1 1 ] If the value of said difference of Gls and Glc actually becomes large so that it may mention later, 
effective width-of-recording-track E-Tw of a magnetic sensing element will also become large. 
[01 12] With the gestalt of this operation, by making the value of said difference of Gls and Glc below 
into a predetermined value, it can suppress that the distance between the up shielding layer [ / near the 
both sides of Multilayers T ] 45 and the lower shielding layer 31 becomes large, and effective width-of- 
recording-track E-Tw can be made small. 

[0113] However, if distance between the up shielding layer [ / near the both sides of Multilayers T ] 45 
and the lower shielding layer 3 1 is made small, it will be prepared in the both sides of Multilayers T, it 
will be necessary to make thin thickness of the 1st electrode layer 42 which supplies a direct current to 
Multilayers T, and, as a result, the direct-current-resistance value of a magnetic sensing element will 
become large. 
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[0114] With the gestalt of this operation, the polar zone L is used as the thin 1st electrode layer 
monolayer [ near the multilayers T ], and thickness of the polar zone L which is separated from 
Multilayers T is enlarged by carrying out the laminating of the 2nd electrode layer on the 1st electrode 
layer. 

[01 15] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of Multilayers T 1 45 
and the lower shielding layer 3 1 . 

[0116] Moreover, [ near the multilayers T ], since thelst electrode layer 42 can be formed thinly the 
level difference D formed of the front face of Multilayers T and side-face 42a of the 1st electrode layer 
42 can be made low. Therefore, even if it makes thickness of the up gap layer 44 small, the up gap layer 
44 can be certainly formed on this level difference D. Namely, the electric short circuit between the up 
shielding layer 45 and the polar zone L can be more certainly prevented now. 
[01 17] In addition, the include angle theta 1 which a flat surface parallel to a multilayers T front face 
and the tangential plane of the front end edge of the 2nd electrode layer 43 make is smaller than the 
include angle theta 2 which a flat surface parallel to a multilayers T front face and the tangential plane of 
the front end edge of the 1st electrode layer 42 make. Moreover, the thickness t2 of the 2nd electrode 
layer 43 is thicker than the thickness tl of the 1st electrode layer 42. 

[01 18] Drawing 2 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 2nd of this invention from the opposed face side with a record medium. 
[0119] That this magnetic sensing element differs from the magnetic sensing element of the gestalt of 
the 1st operation is only the point that the wrap insulating layers 50 and 50 are formed in the part on the 
1st electrode layer 42 which is an electrode layer of the lowest layer, and 42, and all the fields on the 
2nd electrode layer 43 and 43. 

[0120] With the gestalt of this operation, since insulating layers 50 and 50 are formed, the electric short 
circuit between the up shielding layer 45 and polar zone L and L can be prevented more certainly. 
[0121] With the gestalt of this operation, the inside of the 1st electrode layers 42 and 42 and the 2nd 
electrode layers 43 and 43, Are the field which laps only with the 1st electrode layers 42 and 42 and the 
distance between the up shielding layer 45 in the field which does not lap with insulating layers 50 and 
50, and the lower shielding layer 31 Gls, When distance between the up shielding layer 45 in the 
location which laps with the center C of Multilayers T, and the lower shielding layer 31 is set to Glc it 
has set below to the value from which the effective width of recording track of a magnetic sensing ' 
element is set to 0.17 micrometers in said value of the difference of Glc with said Gls. Effective width- 
of-recording-track E-Tw is the width of recording track on the parenchyma of the magnetic sensing 
element measured by the full truck profile method, the micro truck profile method, etc which were 
mentioned above, and when optical width-of-recording-lrack O-Tw is generally set to 0.2 micrometers 
or less, there is an inclination used as E-Tw>0-Tw. 

[0122] It isdesirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<-Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<-Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0123] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0 67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=l .50 still more preferably. 

[0124] Also with the gestalt of this operation, by making the value of said difference of Gls and Glc 
below into a predetermined value, it can suppress that the distance between the up shielding layer [ / 
near the both sides of Multilayers T ] 45 and the lower shielding layer 31 becomes large, and effective 
width-of-recording-track E-Tw can be made small. 

[0125] Moreover, also with the gestalt of this operation, the polar zone L is used as the thin 1st electrode 
layer monolayer [ near the multilayers T ], and thickness of the polar zone L which is separated from 
Multilayers T is enlarged by carrying out the laminating of the 2nd electrode layer on the 1st electrode 
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layer. 

[0126] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of Multilayers T ] 45, 
and the lower shielding layer 3 1 . 

[0127] Moreover, [ near the multilayers T ], since the 1st electrode layer 42 can be formed thinly, the 
level difference D formed of the front face of Multilayers T and side-face 42a of the 1st electrode layer 
42 can be made low. Therefore, even if it makes thickness of the up gap layer 44 small, the up gap layer 
44 can be certainly formed oh this level difference D. Namely, the electric short circuit between the up 
shielding layer 45 and the polar zone L can be more certainly prevented now. 
[0128] Drawing 3 , drawing 4 , and drawing 5 are the sectional views which saw the 3rd of this 
invention, the 4th, and the magnetic sensing element of the gestalt of the 5th operation from the opposed 
face side with a record medium, respectively. 

[0129] The difference between the magnetic sensing element of drawing 3 and the magnetic sensing 
element of drawing 2 is only the point of making said Gls and said value of Glc into Gls=Glc by 
drawing 3 to considering as Gls>Glc, in drawing 2 . That is, in drawing 3 , the height location (the 
location of the direction of illustration Y; location of a trailing side direction) of top-face 42b of the 1st 
electrode layer 42 and the front face Tl of Multilayers T which is the electrode layer of the lowest layer 
is equal. 

[0130] The difference between the magnetic sensing element of drawing 4 and the magnetic sensing 
element of drawing 2 is only the point of making said Gls and said value of Glc into Gls<Glc by 
drawing 4 to considering as Gls>Glc, in drawing 2 . That is, in drawing 4 , there is top-face 42b of the 
1st electrode layer 42 which is an electrode layer of the lowest layer more below (illustration Y opposite 
direction) than the front face Tl of Multilayers T. 

[0131] The 1st electrode layers 42 and 42 in the magnetic sensing element of drawing 2 are not formed 
in the magnetic sensing element of drawing 5 . In the magnetic sensing element of drawing 5 , the hard 
bias layers 40 and 40 serve as the electrode layer of the lowest layer in this invention, and the laminating 
of the hard bias layer 40 and the 2nd electrode layers 43 and 43 formed by Cr, Au, Ta, W, Rh, Ir, Ru, 
Cu, etc. on 40 is carried out. As for the 2nd electrode layers 43 and 43, spacing of the truck cross 
direction of the electrode of a pair is enlarged from the hard bias layers 40 and 40. 
[0132] The up gap layer 44 is formed by the front face of Multilayers T, an interlayer's 41 front face, 
and the front face of the 2nd electrode layers 43 and 43. Furthermore, the wrap insulating layers 50 and 
50 are formed in the part on the hard bias layer 40 which is an electrode layer of the lowest layer, and 
40, and all the fields on the 2nd electrode layer 43 and 43. The up shielding layer 45 is formed on the up 
gap layer 44 and an insulating layer 50, and 50. 

[0133] In addition, the hard bias layers 40 and 40 and the 2nd electrode layers 43 and 43 are polar zone 
L. 

[0134] In addition, in the magnetic sensing element of the gestalt of operation shown in drawing 5 from 
drawing 1 , ridge 34a is formed in the central part of the antiferromagnetism layer 34, and the extension 
sections 34b and 34b prolonged for a long time are formed crosswise [ truck ] from the end face of the 
both-sides end face in the truck cross direction (the direction of illustration X) of ridge 34a. 
[0135] Extension section 34b is formed in the antiferromagnetism layer 34, it has sufficient volume for 
the both-sides end face of the free magnetic layer 37, and said hard bias layers 40 and 40 can be made to 
counter on this extension section 34b with the structure which carries out the laminating of the hard bias 
layers 40 and 40 through the bias substrate layers 39 and 39. 

[0136] However, as shown in drawing 6 , extension section 34b does not need to be formed in the 
antiferromagnetism layer 34. Moreover, in drawing 6 , it is good also as structure where the substrate 
layer 33 is formed only in contact with the inferior surface of tongue of the antiferromagnetism layer 34, 
and the bias substrate layer 39 touches the lower gap layer 32 directly. 

[0137] Moreover, in the magnetic sensing element of the gestalt of operation shown in drawing 6 from 
drawing 1 , side-face 40a by the side of the multilayers T of the hard bias layer 40 and opposite has 
countered only with the side face of the fixed magnetic layer 35, the side face of the non-magnetic 
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material layer 36, and the side face of 2nd free magnetic layer 37a, and the side face of 1st free magnetic 
layer 37c has not countered. However, as shown in drawing 7 , side-face 40a of the hard bias layer 40 
may counter with the side face of the side face of the fixed magnetic layer 35, the side face of the non- 
magnetic material layer 36, 2nd free magnetic layer 37a, nonmagnetic interlayer 37b, and 1st free 
magnetic layer 37c. 

[0138] Drawing 8 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 8th of this invention from the opposed face side with a record medium. 
[0139] The magnetic sensing element of the gestalt of operation shown in drawing 8 differs from the 
magnetic sensing element of the gestalt of operation of drawing 2 in that the 1st electrode layer 42 is 
extended and formed even on the insensible fields d and d of Multilayers T. 

[0140] Magnetization of the free magnetic layer 37 is arranged in the direction of illustration X by the 
bias field to the direction of X from the hard bias layers 40 and 40. 

[0141] By the way, as shown in drawing 8 , the field located in the center of Multilayers T is the 
sensibility field E, and the both sides are insensible fields d and d. 

[0142] In the sensibility field E, magnetization of the fixed magnetic layer 35 is fixed to an illustration Z 
direction proper, moreover, magnetization of the free magnetic layer 37 is arranged in the direction of 
illustration X proper, and orthogonality relation has magnetization of the fixed magnetic layer 35 and the 
free magnetic layer 37. And to the external magnetic field from a record medium, magnetization of the 
free magnetic layer 37 is changed with sufficient sensibility, electric resistance changes by the relation 
between fluctuation of this magnetization direction, and the fixed magnetization direction of the fixed 
magnetic layer 35, and the leak field from a record medium is detected by the electrical-potential- 
difference change based on this electric resistance value change. 

[0143] That is, the sensibility field E of Multilayers T is a part in which a magneto-resistive effect is 
demonstrated substantially, and a regenerative function commits it good in this part. 
[0144] On the other hand, in the insensible fields d and d located in the both sides of the sensibility field 
E, magnetization of the fixed magnetic layer 35 and the free magnetic layer 37 is strongly influenced 
[ of magnetization ] from the hard bias layers 40 and 40, and magnetization of the free magnetic layer 37 
has stopped being able to change easily to the external magnetic field. That is, insensible fields d and d 
have a weak magneto-resistive effect, and are fields to which the regenerative function fell. 
[0145] In drawin g 8 , the 1st electrode layer 42 is extended and formed even on the insensible fields d 
and d of Multilayers T. The sense current from polar zone L and L stops easily being able to flow in the 
hard bias layers 40 and 40 by this. By being able to make [ many ] the rate of passing said sense current 
to the direct multilayers T, without minding the hard bias layers 40 and 40, and moreover extending and 
forming the 1st electrode layers 42 and 42 even on insensible fields d and d Since the plane-of- 
composition product of Multilayers T and the 1st electrode layers 42 and 42 also becomes large, a 
direct-current-resistance value (DCR) can be lowered, and it is possible to raise reproducing 
characteristics. w 
[0146] Moreover, if the 1st electrode layers 42 and 42 are extended and formed on insensible fields d 
and d, it can suppress a sense current flowing into insensible fields d and d, and generating a noise. 
[0147] Drawing 9 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 9th of this invention from the opposed face side with a record medium. 
[0148] In the magnetic sensing element shown in drawing 9 , the bias substrate layers 39 and 39 are 
formed only on extension section 34b of the antiferromagnetism layer 34. Therefore, as for the hard bias 
layers 40 and 40, the side faces 40a and 40a by the side of Multilayers T are directly in contact with the 
side face of 2nd free magnetic layer 37a. Then, the hard bias layers 40 and 40 and 2nd free magnetic 
layer 37a become a continuum magnetically, it can prevent an anti-field occurring in the side edge 
section of 2nd free magnetic layer 37a, and stability increases. 

[0149] If it is not formed on the side face of 2nd free magnetic layer 37a and 1st free magnetic layer 37c 
even when the bias substrate layers 39 and 39 are formed on the side face of Multilayers T, the side face 
of the hard bias layers 40 and 40 and 2nd free magnetic layer 37a is contacted directly. 
[0150] or even when the bias substrate layers 39 and 39 are formed between the hard bias layers 40 and 
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40 and 2nd free magnetic layer 37a If the thickness of the hard bias layers 40 and 40 and the bias 
substrate layers 39 and 39 between 2nd free magnetic layer 37a is lnm or less Through the pinhole 
produced in the bias substrate layers 39 and 39, the hard bias layers 40 and 40 and 2nd free magnetic 
layer 37a become a continuum magnetically, it can prevent an anti-field occurring in the side edge 
section of 2nd free magnetic layer 37a, and stability increases. 

[0151] Also by drawing 3 thru/or the magnetic sensing element of drawing 9 , the electrode layer (the 
1st electrode layers 42 and 42 or hard bias layers 40 and 40) of the lowest layer, It is the field which laps 
only with the electrode layer of the lowest layer among the 2nd electrode layers 43 and 43. The distance 
between the up shielding layer 45 in the fields SI and SI which do not lap with insulating layers 50 and 
50, and the lower shielding layer 3 1 Gls, When distance between the up shielding layer 45 in the 
location which laps with the center C of Multilayers T, and the lower shielding layer 31 is set to Glc, it 
has set below to the value from which effective width-of-recording-track E-Tw of a magnetic sensing 
element is set to 0.17 micrometers in said value of the difference of Glc with said Gls. With effective 
width-of-recording-track E-Tw, it measures by the full truck profile method and the micro truck profile 
method which were mentioned above. 

[0152] It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0153] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=l .50 still more preferably. 

[0154] Also with the gestalt of operation shown in drawing 3 thru/or drawing 9 , by making the value of 
said difference of Gls and Glc below into a predetermined value, it can suppress that the distance 
between the up shielding layer [ / near the both sides of Multilayers T ] 45 and the lower shielding layer 
3 1 becomes large, and effective width-of-recording-track E-Tw can be made small. 
[0155] Moreover, also with the gestalt of this operation, the polar zone L is used as the thin 1st electrode 
layer or a hard bias layer monolayer [ near the multilayers T ], and thickness of the polar zone L which 
is separated from Multilayers T is enlarged by carrying out the laminating of the 2nd electrode layer on 
the 1st electrode layer or a hard bias layer. 

[0156] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of Multilayers T ] 45, 
and the lower shielding layer 3 1 . 

[0157] With the gestalt of operation of drawing 1 thru/or drawing 9 , the free magnetic layer 37 is 
single-domain-ized using the hard bias layers 40 and 40 which consist of a ferromagnetic high 
ingredient of the capacity to arrange the magnetization direction of the free magnetic layer 37 in the 
fixed direction. 

[0158] Generally, if a hard bias layer is used, the level difference which must stop having to form said 
polar zone in the location which laps with this hard bias layer, and is formed of the front face of said 
multilayers and the side face of said polar zone will become high, and an up gap layer will become that 
it is hard to be formed certainly. 

[0159] In this invention, since the polar zone L can be formed thinly [ near the multilayers T ], the level 
difference D formed of the front face of Multilayers T and the side face of the polar zone L can be made 
low, and the up gap layer 44 can be certainly formed on this level difference D. Namely, the electric 
short circuit between the up shielding layer 44 and the polar zone L can be more certainly prevented 
now. In addition, even if it does not necessarily make said Gls and said value of Glc below into the 
above-mentioned predetermined value, the effectiveness that the electric short circuit between the up 
shielding layer 44 and the polar zone L can be prevented more certainly is acquired. 
[0160] Drawing 10 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 10th of this invention from the opposed face side with a record medium. 
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[0161] The magnetic sensing element shown in drawing 10 is made reverse in the sequence of the 
laminating of the multilayers T of the magnetic sensing element which multilayers T2 show to drawing 
1 thru/or drawing 9 . that is, - drawing 10 - the substrate layer 33 top - the -- the [ 1 free magnetic 
layer 37c, nonmagnetic middle class 37b, and ] -- the laminating of the free magnetic layer 37 of the 
synthetic ferry free mold which consists of 2 free magnetic layer 37a, the non-magnetic material layer 
36, fixed magnetic layer 35of ** 2nd c, nonmagnetic middle class 35b, the fixed magnetic layer 35 of 
the synthetic ferry PINDO mold which consists of the 1st fixed magnetic layer 35a, the 
antiferromagnetism layer 34, and the protective layer 38 is carried out continuously. 
[0162] In this example, 1st free magnetic layer 37c of multilayers T2 is caudad formed rather than the 
antiferromagnetism layer 34, and adjoins the thick part of the thickness of the hard bias layers 61 and 61, 
therefore magnetization of the free magnetic layer 37 is easily arranged in the direction of X. Thereby, 
generating of a Barkhausen noise can be reduced. 

[0163] In contact with the top face of the substrate layer 33, and the side face of 2nd free magnetic layer 
37a, the bias substrate layer 60 is formed of Cr etc. On the bias substrate layer 60, the hard bias layer 61 
formed with the Co-Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc. is 
formed. 

[0164] On the hard bias layer 61, the 1st electrode layers 63 and 63 which the interlayer 62 formed by 
non-magnetic materials, such as Ta, was formed, and were formed by Cr, Au, Ta, W, Rh, Ir, Ru, Cu, etc. 
on this interlayer 62 are formed. 

[0165] The 1st electrode layers 63 and 63 consist of an electrode of the pair which opened 
predetermined spacing crosswise [ truck ] and was formed in the both-sides field of multilayers T2. The 
laminating of the 1st electrode layer 63 and the 2nd electrode layers 64 and 64 formed by Cr, Au, Ta, 
Cu, Rh, Ir, Ru, W, etc. on 63 is carried out. As for the 2nd electrode layers 64 and 64, spacing of the 
truck cross direction of the electrode of a pair is enlarged from the 1st electrode layers 63 and 63. 
[0166] The up gap layer 44 is formed by the front face of multilayers T2, the front face of the 1st 
electrode layers 63 and 63, and the front face of the 2nd electrode layers 64 and 64, and the up shielding 
layer 45 is formed on the up gap layer 44. The up shielding layer 45 is covered with the protective layer 
46 which consists of an inorganic insulating material. 

[0167] The hard bias layer 61 should just arrange one magnetization direction among 2nd free magnetic 
layer 37a which constitutes the free magnetic layer 37, and 1st free magnetic layer 37c. In drawing 10 , 
side-face 61a of the hard bias layer 61 has countered only the side face of 1st free magnetic layer 37c, 
and has arranged only the magnetization direction of 1st free magnetic layer 37c. If the magnetization 
direction of 1st free magnetic layer 37c is arranged in the fixed direction, 2nd free magnetic layer 37a 
will be in the ferrimagnetism condition that the magnetization direction serves as anti-parallel, and the 
magnetization direction of the free magnetic layer 37 whole will be arranged in the fixed direction. 
[0168] With the gestalt of this operation, the hard bias layer 61 mainly gives the static magnetic field of 
the direction of illustration X to 1st free magnetic layer 37c. Therefore, it can suppress that the 
magnetization direction (the direction of illustration X and reverse sense) of 2nd free magnetic layer 37a 
is disturbed by the static magnetic field of the direction of illustration X generated from the hard bias 
layer 61. 

[0169] Also by the magnetic sensing element of drawing 10 , the electrode layer (the 1st electrode layers 
63 and 63) of the lowest layer, It is the field which laps only with the electrode layer of the lowest layer 
among the 2nd electrode layers 64 and 64. The distance between the up shielding layer 45 in the fields 
SI and SI which do not lap with insulating layers 50 and 50, and the lower shielding layer 31 Gls, When 
distance between the up shielding layer 45 in the location which laps with the center C of multilayers 
T2, and the lower shielding layer 31 is set to Glc, it has set below to the value from which the effective 
width of recording track of a magnetic sensing element is set to 0.17 micrometers in said value of the 
difference of Glc with said Gls. With effective width-of-recording-track E-Tw, it measures by the full 
truck profile method or the micro truck profile method mentioned above. 

[0170] It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
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nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0171] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=l .50 still more preferably. 

[0172] Also with the gestalt of operation shown in drawing 10 , by making the value of said difference 
of Gls and Glc below into a predetermined value, it can suppress that the distance between the up 
shielding layer [ / near the both sides of multilayers T2 ] 45 and the lower shielding layer 31 becomes 
large, and effective width-of-recording-track E-Tw can be made small. 

[0173] Moreover, also with the gestalt of this operation, the polar zone L is used as the thin 1st electrode 
layer or a hard bias layer monolayer in about multilayers T2, and thickness of the polar zone L which is 
separated from multilayers T2 is enlarged by carrying out the laminating of the 2nd electrode layer on 
the 1st electrode layer or a hard bias layer. 

[0174] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of multilayers T2 ] 
45, and the lower shielding layer 31. 

[0175] Moreover, in about multilayers T2, since the 1st electrode layer 42 or the hard bias layer 40 can 
be formed thinly, the level difference D formed of the front face of multilayers T2 and side-face 42a of 
the 1st electrode layer 42 can be made low. Therefore, even if it makes thickness of the up gap layer 44 
small, the up gap layer 44 can be certainly formed on this level difference D. Namely, the electric short 
circuit between the up shielding layer 45 and the polar zone L can be more certainly prevented now. 
[0176] Drawing 1 1 is the sectional view which saw the magnetic sensing element of the gestalt of 
operation of the 1 1th of this invention from the opposed face side with a record medium. 
[0177] This spin bulb mold thin film centers on the non-magnetic material layer 106. the — up and down 
- the - the [ the 1 free magnetic layer 105 and ] - the 2 free magnetic layer 107, the nonmagnetic 
conductive layer 104,108, the 1st fixed magnetic layer 103, the 3rd fixed magnetic layer 109, the non- 
magnetic material layer 102,1 10, the 2nd fixed magnetic layer 101, the 4th fixed magnetic layer 111, 
and the antiferromagnetism layer 100,1 12 were formed It is possible to obtain a playback output 
higher than the spin bulb mold thin film (called a single spin bulb mold thin film) which it is called the 
so-called dual spin bulb mold thin film, and is shown in drawing 1 thru/or drawing 10 . In addition, the 
layer by which the layer currently formed in the bottom is formed most in the bottom in the substrate 
layer 33 is a protective layer 38, and multilayers T3 is constituted from a substrate layer 33 by the 
layered product to a protective layer 38. 

[0178] In this invention, the antiferromagnetism layer 100,1 12 is formed with the Pt-Mn (platinum- 
manganese) alloy film. Or it replaces with said Pt-Mn alloy, and it is X-Mn (however, X is any one sort 
or two sorts or more of elements of Pd, Ir, Rh, and Ru), or may be formed by Pt-Mn-X' (however, X' is 
any one sort or two sorts or more of elements of Pd, Ir, Rh, Ru, Au, and Ag). 

[0179] the [ said ] - the [ the 1 free magnetic layer 105 and / said ] - the 2 free magnetic layer 107, said 
1st fixed magnetic layer 103, said 2nd fixed magnetic layer 101, said 3rd fixed magnetic layer 109, and 
said 4th fixed magnetic layer 1 1 1 are formed with a nickel-Fe (nickel-iron) alloy, Co (cobalt), the Co-Fe 
(cobalt-iron) alloy, the Co-Fe-nickel alloy, etc., and said nonmagnetic conductive layer 104,108 is 
formed with the nonmagnetic electrical conducting material with low electric resistance, such as Cu 
(copper). 

[0180] From on the substrate layer 33, it applies to the side face of the 2nd fixed magnetic layer 101, the 
non-magnetic material layer 102, the 1st fixed magnetic layer 103, the nonmagnetic conductive layer 
104, and the 1st free magnetic layer 105, the bias substrate layer 113,113 used as the buffer film and 
orientation film which were formed by Cr etc. is formed, and the bias field generated from the hard bias 
layer 1 14,1 14 later mentioned by formation of this bias substrate layer 1 13,1 13 can be increased. 
[0181] Furthermore on the bias substrate layer 1 13,1 13, the hard bias layer 1 14,1 14 formed with the Co- 
Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc. is formed. 
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[01 82] Moreover, on said hard bias layer 1 14,1 14, the 1st electrode layer 1 16,1 16 which the interlayer 

1 15.1 15 formed by non-magnetic materials, such as Ta, was formed, and was formed by Cr, Au, Ta, W, 
Rh, Ir, Ru, Cu, etc. on this interlayer 1 15,1 15 is formed. 

[0 1 83] The 1 st electrode layer 1 1 6, 1 1 6 consists of an electrode of the pair which opened predetermined 
spacing crosswise [ truck ] and was formed in the both-sides field of multilayers T3. The laminating of 
the 2nd electrode layer 1 17,1 17 formed by Cr, Au, Cu, Ta, Rh, Ir, Ru, W, etc. on the 1st electrode layer 

1 16.1 16 is carried out. As for the 2nd electrode layer 1 17,1 17, spacing of the truck cross direction of the 
electrode of a pair is enlarged from the 1st electrode layer 116,116 electrode layer. 

[01 84] The up gap layer 44 is formed by the front face of multilayers T3, the front face of the 1st 
electrode layer 1 16,1 16, and the front face of the 2nd electrode layer 1 17,1 17, and the up shielding layer 
45 is formed on the up gap layer 44. The up shielding layer 45 is covered with the protective layer 46 
which consists of an inorganic insulating material. 

[0185] Moreover, in drawing 1 1 , that to which the laminating of said 1st fixed magnetic layer 103 from 
which the magnetic moment differs, and said 2nd fixed magnetic layer 101 was carried out through said 
non-magnetic material layer 102 functions as one fixed magnetic layer PI. Moreover, that to which the 
laminating of said 3rd fixed magnetic layer 109 from which the magnetic moment differs, and said 4th 
fixed magnetic layer 1 1 1 was carried out through said non-magnetic material layer 110 functions as one 
fixed magnetic layer P2. 

[0186] The magnetization direction of said 1st fixed magnetic layer 103 and said 2nd fixed magnetic 
layer 101 is in a ferrimagnetism condition of anti-parallel different 180 degrees, and since said 1st fixed 
magnetic layer 103 and said 2nd fixed magnetic layer 101 fix the magnetization direction of another side 
mutually and suit, it can stabilize the magnetization direction of the fixed magnetic layer PI in the fixed 
direction as a whole. 

[01 87] In drawing 1 1 , each magnetic moment is changed by forming said 1st fixed magnetic layer 103 
and said 2nd fixed magnetic layer 101 using the same ingredient, and changing each thickness further. 
[0188] Moreover, it is in a ferrimagnetism condition of anti-parallel different 180 degrees, and the 
magnetization direction of said 3rd fixed magnetic layer 109 and said 4th fixed magnetic layer 1 1 1 also 
fixes the magnetization direction of another side mutually, and said its 3rd fixed magnetic layer 109 and 
said 4th fixed magnetic layer 1 1 1 suit. 

[0189] In addition, said non-magnetic material layers 102 and 1 10 are formed with one sort or two sorts 
or more of alloys among Ru, Rh, Ir, Cr, Re, and Cu. 

[0190] Said 2nd fixed magnetic layer 101 and the 4th fixed magnetic layer 1 1 1 are formed in contact 
with the antiferromagnetism layers 100 and 1 12, respectively, and the exchange anisotropy field by 
switched connection produces them by giving annealing in a magnetic field in an interface with said 4th 
fixed magnetic layer 1 1 1 and the antiferromagnetism layer 1 12 in an interface list with said 2nd fixed 
magnetic layer 101 and the antiferromagnetism layer 100. 

[0191] The magnetization direction of said 2nd fixed magnetic layer 101 is fixed to an illustration Z 
direction. When the magnetization direction of said 2nd fixed magnetic layer 101 is fixed in the 
direction of illustration Y, the magnetization direction of the 1st fixed magnetic layer 103 which 
counters through said non-magnetic material layer 102 is fixed in the magnetization direction of said 
2nd fixed magnetic layer 101, and the condition of anti-parallel. In addition, the direction of the 
synthetic magnetic moment which added the magnetic moment of said 2nd fixed magnetic layer 101 and 
the magnetic moment of said 1st fixed magnetic layer 103 turns into the magnetization direction of said 
fixed magnetic layer PI . 

[0192] When the magnetization direction of said 2nd fixed magnetic layer 101 is fixed to an illustration 
Z direction, as for the magnetization direction of said 4th fixed magnetic layer 1 1 1, it is desirable to be 
fixed to an illustration Z direction and an anti-parallel direction. At this time, the magnetization direction 
of the 3rd fixed magnetic layer 109 which counters through said non-magnetic material layer 1 10 is 
fixed to the magnetization direction and the anti-parallel direction of said 4th fixed magnetic layer 111, 
i.e., a Z direction. In addition, the direction of the synthetic magnetic moment which added the magnetic 
moment of said 4th fixed magnetic layer 1 1 1 and the magnetic moment of said 3rd fixed magnetic layer 
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109 turns into the magnetization direction of said fixed magnetic layer P2. 

[01931 the [ then, / said ] - the [ the 1 free magnetic layer 105, said non-magnetic material layer 106 
and / said 1 -- the magnetization direction of said 1st fixed magnetic layer 103 which counters through 
the 2 free magnetic layer 107, and said 3rd fixed magnetic layer 109 will be in an anti-parallel condition 
mutually different 180 degrees. f) . 
TOl 941 in drawing 11 , it mentions later - as - the free magnetic layer F - the [ said - the [ the 1 free 
magnetic layer 105 and / said ] - the 2 free magnetic layer 107 forms as that by which the laminating 
was carried out through said non-magnetic material layer 106 - having - the [ said ] - the [the 1 free 
magnetic layer 105 and / said ] ~ the magnetization direction of the 2 free magnetic layer 107 - anti- - 
it is in the ferrimagnetism condition which becomes parallel. 

[01951 Said 1st free magnetic layer 105 and said 2nd free magnetic layer 107 change the magnetization 
direction in response to the effect of an external magnetic field, with a femmagnetism condition 
maintained. If the magnetization direction of said 1st fixed magnetic layer 103 and said 3rd fixed 
magnetic layer 109 is in an anti-parallel condition which is mutually different 1 80 degrees at this time, 
the phase of resistance change [ magnetic layer / for a management / the resistance rate of change and 
the free magnetic layer F ] of a lower layer part will become equal from the free magnetic layer F. 
[0196] Furthermore, it is desirable that the magnetization direction of said fixed magnetic layer PI and 
the magnetization direction of said fixed magnetic layer P2 are anti-parallel directions. 
[0197] For example, the magnetization direction makes larger than the magnitude of the magnetic 
moment of said 1st fixed magnetic layer 103 magnitude of the magnetic moment of said 2nd fixed 
magnetic layer 101 currently fixed to the illustration Z direction, and makes the magnetization direction 
of the fixed magnetic layer PI an illustration Z direction. On the other hand, the magnetization direction 
makes smaller than the magnitude of the magnetic moment of said 4th fixed magnetic layer 1 1 1 
magnitude of the magnetic moment of said 3rd fixed magnetic layer 109 currently fixed to the 
illustration Z direction, and makes the magnetization direction of the fixed magnetic layer P2 an 
illustration Z direction and an anti-parallel direction. 

[0198] Then the direction of the sense current field generated when a sense current is passed to the 
direction of illustration X and the opposite sense, the magnetization direction of the fixed magnetic layer 
PI and the magnetization direction of the fixed magnetic layer P2 are in agreement, and the 
ferrimagnetism condition of said 1st fixed magnetic layer 103 and said 2nd fixed magnetic layer 101 and 
the ferrimagnetism condition of said 3rd fixed magnetic layer 109 and said 4th fixed magnetic layer 1 1 1 

are stabilized. „ . , .„ _ , 

[0199] Moreover, said 1st free magnetic layer 105 and said 2nd free magnetic layer 107 are formed so 
that each magnetic moments may differ, here - the [ said ] - the [ the 1 free magnetic layer 105 and / 
said ] - forming the 2 free magnetic layer 107 using the same ingredient, and changing each thickness 
further ~ the [ said ] - the [ the 1 free magnetic layer 105 and / said ] - the magnetic moment of the 2 
free magnetic layer 107 is changed. . 
[0200] Furthermore, the non-magnetic material layer 102,106,1 10 is formed with one sort or two sorts 
or more of alloys among Ru, Rh, Ir, Cr, Re, and Cu. . . . A 

[0201] drawing 11 - the [ said ] - the [ the 1 free magnetic layer 105 and / said ] - that to which the 
laminating of the 2 free magnetic layer 107 was carried out through said non-magnetic material layer 
106 functions as one free magnetic layer F. 

[0202] the [ said ] -- the [ the 1 free magnetic layer 105 and / said ] - the magnetization direction of the 
2 free magnetic layer 107 - anti- ~ it is in the ferrimagnetism condition which becomes parallel, and 
effectiveness equivalent to making thickness of the free magnetic layer F thin obtains - having - the 
effectual magnetic moment per unit area of the whole free magnetic layer F - small - becoming -- 
magnetization - changing ~ being easy - the field detection sensitivity of a magneto-resistive effect 

component improves. . 
[0203] The direction of the synthetic magnetic moment which added the magnetic moment of said 1st 
free magnetic layer 105 and the magnetic moment of said 2nd free magnetic layer 107 turns into the 
magnetization direction of said free magnetic layer F. 
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[0204] Said hard bias layer 1 14,1 14 is magnetized in the direction of illustration X (truck cross 
direction), and the magnetization direction of said free magnetic layer F has become in the direction of 
illustration X by the bias field to the direction of X from said hard bias layer 1 14,1 14. 
[0205] In said sensibility field E, the magnetization direction of the fixed magnetic layers PI and P2 is 
fixed to an illustration Z direction, or Z and an opposite direction proper, moreover, magnetization of the 
free magnetic layer F is arranged in the direction of illustration X proper, and orthogonality relation has 
magnetization of the fixed magnetic layers PI and P2 and the free magnetic layer F. And to the external 
magnetic field from a record medium, magnetization of said free magnetic layer F is changed with 
sufficient sensibility, electric resistance changes by the relation between fluctuation of this 
magnetization direction, and the fixed magnetization direction of the fixed magnetic layers PI and P2, 
and the leak field from a record medium is detected by the electrical-potential-difference change based 
on this electric resistance value change, however, contributing to an electric resistance value change 
(output) directly - the [ the magnetization direction of the 1st fixed magnetic layer 103, and ] - the [ the 
angular relation of the magnetization direction of the 1 free magnetic layer 105 and the magnetization 
direction of the 3rd fixed magnetic layer 109, and ] -- it is the angular relation of the magnetization 
direction of the 2 free magnetic layer 107, and it is desirable to lie at right angles in the condition that 
the condition and signal field which the detection current is energizing [ such angular relation ] are not 
impressed. 

[0206] The hard bias layer 114 should just arrange one magnetization direction among the 1st free 
magnetic layer 105 which constitutes the free magnetic layer F, and the 2nd free magnetic layer 107. In 
drawing 1 1 , only the magnetization direction of the 2nd free magnetic layer 107 is arranged. If the 
magnetization direction of the 2nd free magnetic layer 107 is arranged in the fixed direction, the 1st free 
magnetic layer 105 will be in the ferrimagnetism condition that the magnetization direction serves as 
anti-parallel, and the magnetization direction of the whole free magnetic layer F will be arranged in the 
fixed direction. 

[0207] With the gestalt of this operation, the 1st hardware bias layer 1 14 mainly gives the static 
magnetic field of the direction of illustration X to the 2nd free magnetic layer 107. Therefore, it can 
suppress that the magnetization direction (the direction of illustration X and reverse sense) of the 1st free 
magnetic layer 105 is disturbed by the static magnetic field of the direction of illustration X generated 
from the hard bias layer 1 14. 

[0208] Also by the magnetic sensing element of drawing 1 1 , the electrode layer (the 1st electrode layer 
1 16,1 16) of the lowest layer, It is the field which laps only with the electrode layer of the lowest layer 
among the 2nd electrode layers 1 17,1 17. The distance between the up shielding layer 45 in the fields SI 
and SI which do not lap with insulating layers 50 and 50, and the lower shielding layer 31 Gls, When 
distance between the up shielding layer 45 in the location which laps with the center C of multilayers 
T3, and the lower shielding layer 31 is set to Glc, it has set below to the value from which effective 
width-of-recording-track E-Tw of a magnetic sensing element is set to 0.17 micrometers in said value of 
the difference of Glc with said Gls. With effective width-of-recording-track E-Tw, it measures by the 
full truck profile method or the micro truck profile method mentioned above. 
[0209] It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0210] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=l .50 still more preferably. 

[021 1] Also with the gestalt of operation shown in drawing 1 1 , by making the value of said difference 
of Gls and Glc below into a predetermined value, it can suppress that the distance between the up 
shielding layer [ / near the both sides of multilayers T3 ] 45 and the lower shielding layer 31 becomes 
large, and effective width-of-recording-track E-Tw can be made small. 
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[0212] Moreover, also with the gestalt of this operation, the polar zone L is used as the thin 1st electrode 
layer or a hard bias layer monolayer [ near multilayers T3 ], and thickness of the polar zone L which is 
separated from multilayers T3 is enlarged by carrying out the laminating of the 2nd electrode layer on 
the 1st electrode layer or a hard bias layer. 

[0213] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of multilayers T3 ] 
45, and the lower shielding layer 31. 

[0214] Although the polar zone L was made into the laminating structure of a two-layer electrode layer 
in the magnetic sensing element shown in drawing 1 1 from drawing 1 , the polar zone L may be the 
laminating structure of a three or more-layer electrode layer. 

[0215] Drawing 12 is the sectional view which looked at the magnetic sensing element of the gestalt of 
operation of the 12th of this invention from the opposed face side with a record medium. 
[0216] The magnetic sensing element of drawing 12 differs from the magnetic sensing element of 
drawing 1 in that the polar zone LI is the laminating structure of the three-layer electrode layers 42, 43, 
and 51. 

[0217] Spacing of the truck cross direction of the electrode of a pair is enlarged, and, as for the 2nd 
electrode layers 43 and 43, spacing of the truck cross direction of the electrode of a pair is enlarged by 
the 1st electrode layers 42 and 42 from the 2nd electrode layers 43 and 43, as for the 3rd electrode layers 
51 and 51. 

[0218] In the magnetic sensing element of drawing 12 , the electrode layer (the 1st electrode layers 42 
and 42) of the lowest layer, It is the field which laps only with the electrode layer of the lowest layer 
among the 2nd electrode layers 43 and 43 and the 3rd electrode layers 5 1 and 5 1 . The distance between 
the up shielding layer 45 in the fields SI and SI which do not lap with insulating layers 50 and 50, and 
the lower shielding layer 3 1 Gls, When distance between the up shielding layer 45 in the location which 
laps with the center C of Multilayers T, and the lower shielding layer 31 is set to Glc, it has set below to 
the value from which effective width-of-recording-track E-Tw of a magnetic sensing element is set to 
0.17 micrometers in said value of the difference of Glc with said Gls. Effective width-of-recording-track 
E-Tw is measured by the full truck profile method or the micro truck profile method mentioned above. 
[0219] It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0220] Or it is desirable to set said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0.67 <=Gls/Glc<=l .50 still more preferably. 

[0221] Also with the gestalt of operation shown in drawing 12 , by making the value of said difference 
of Gls and Glc below into a predetermined value, it can suppress that the distance between the up 
shielding layer [ / near the both sides of Multilayers T ] 45 and the lower shielding layer 31 becomes 
large, and effective width-of-recording-track E-Tw can be made small. 

[0222] Moreover, also with the gestalt of this operation, the polar zone LI is used as the thin 1st 
electrode layer monolayer [ near the multilayers T ], and thickness of the polar zone LI which is 
separated from Multilayers T is enlarged by carrying out the laminating of the 2nd electrode layers 43 
and 43 and the 3rd electrode layers 51 and 51 on the 1st electrode layer 42 and 42. 
[0223] Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of Multilayers T ] 45, 
and the lower shielding layer 31. 

[0224] Moreover, [ near the multilayers T ], since the 1st electrode layer 42 can be formed thinly, the 
level difference D formed of the front face of Multilayers T and side- face 42a of the 1st electrode layer 
42 can be made low. Therefore, even if it makes thickness of the up gap layer 44 small, the up gap layer 
44 can be certainly formed on this level difference D. Namely, the electric short circuit between the up 
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shielding layer 45 and the polar zone L can be more certainly prevented now. 

[0225] In addition, the include angle which as parallel to said multilayers front face a flat surface as the 
upper electrode layer and the tangential plane of the front end edge of said electrode layer make 
becomes small, and, as for a two or more layers electrode layer, it is as desirable as the upper electrode 
layer that thickness becomes thick. 

[0226] In addition, the free magnetic layer 37, F and the fixed magnetic layer 35, and PI and P2 may be 
formed as the magnetic material layer or the two-layer magnetic material layers of a monolayer 
(CoFe/NiFe etc.). 

[0227] Moreover, drawing 13 is the top view which looked at Multilayers T, the 1st electrode layers 42 
and 42, and the 2nd electrode layers 43 and 43 of the magnetic sensing element shown in drawing 1 
from the illustration upper part of drawing 1 . 

[0228] Since the depth die length Zl of the height direction of the 1st electrode layers 42 and 42 which 
are electrode layers of the lowest layer among two or more layers electrode layers is made longer than 
the depth die length Z2 of the height direction of Multilayers T as shown in drawing 13 , the direct- 
current-resistance value of a magnetic sensing element can be made small. [0229] In addition, the 
electrode layer (the 1st electrode layers 42 and 63,1 17 or hard bias layer 40) of the lowest layer 
electrically connected with multilayers T and T2 or T3 in this invention So that it may be hard to 
generate a smear in the process which grinds an opposed face with the record medium of a magnetic 
sensing element, and adjusts a direct-current-resistance value It is desirable to form using hard 
ingredients, such as W, Ta, Rh, Ir, and Ru, and to form the ingredient of electrode layers other than the 
electrode layer of the lowest layer (the 2nd electrode layer, the 3rd electrode layer) using the small 
ingredient of specific resistance, such as Cr, Cu, Au, and Ta. 

[0230] The manufacture approach of the magnetic sensing element shown in drawing 2 is explained. As 
first shown in drawing 14 , the lower shielding layer 31 and the lower gap layer 32 are formed. The 
lower shielding layer 31 is formed using magnetic materials, such as NiFe, and forms the lower gap 
layer 32 using insulating ingredients, such as aluminum203 and Si02. The laminating of the lower 
shielding layer 31 is carried out on the substrate 30 through the substrate layer which consists of 
insulating ingredients, such as an alumina, and which is not illustrated. 
[0231] Furthermore, the substrate layer 33 shown on the lower gap layer 32 at drawin g 2 , the 
antiferromagnetism layer 34, fixed magnetic layer 35of ** 1st a, Nonmagnetic middle class 35b, the 
fixed magnetic layer 35 of the synthetic ferry PINDO mold which consists of the 2nd fixed magnetic 
layer 35c, the non-magnetic material layer 36, free magnetic layer 37of ** 2nd a, The laminating of the 
free magnetic layer 37 of the synthetic ferry free mold which consists of nonmagnetic middle class 37b 
and 1st free magnetic layer 37c, and the protective layer 38 is carried out, and Multilayers T are formed. 
[0232] In addition, instead of these multilayers T, you may be the multilayers T2 of the single spin bulb 
mold thin film shown in drawing 1 1 , and multilayers T3 of the dual spin bulb mold thin film shown in 
drawing 12 . 

[0233] In addition, forming with a PtMn alloy is desirable, or it may form the antiferromagnetism layer 
which constitutes multilayers T and T2 or T3 by X-Mn (however, X is one-sort [ any ] or two sorts or 
more of elements of Pd, Ir, Rh, and Ru), or Pt-Mn-X* (however, X' is any one sort or two sorts or more 
of elements of Pd, Ir, Rh, Ru, Au, and Ag). When forming with the quality of the material which 
mentioned said antiferromagnetism layer above, it is necessary to heat-treat to generate a switched 
connection field in an interface with a fixed magnetic layer. 

[0234] Next, pattern formation of the resist layer Rl for wrap lift off is carried out for the field of optical 
width-of-recording-track O-Tw of the magnetic sensing element to form on Multilayers T. 
[0235] As shown in drawing 14 , it cuts deeply on the inferior surface of tongue, and section Rla and 
Rla are formed in the resist layer Rl. 

[0236] Next, at the process shown in drawing 15 , the both sides of Multilayers T are deleted by etching. 
At this process, the antiferromagnetism layer 34 is formed in the direction of illustration X for a long 
time by controlling an etching rate and etching time and carrying out as [ remain / do not shave off the 
side face of the antiferromagnetism layer 34, but ]. In addition, if the side face of the antiferromagnetism 
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layer 34 is deleted completely, the magnetic sensing element shown in drawin g 6 can be formed. 
r02371 At the process furthermore shown in drawing 16 , the bias substrate layers 39 and 39, the hard 
bias layers 40 and 40, and interlayers 41 and 41 are formed on both sides of Multilayers T. Preferably, 
the hard bias layers 40 and 40 used the Co-Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome- 
platinum) alloy, etc., interlayers 41 and 41 used Ta, and the bias substrate layers 39 and 39 formed any 
Crfs) r one or more sorts in Cr, Ti, Mo, or W50Mo50 of]. With the gestalt of this operation, membrane 
formation of the bias substrate layers 39 and 39, the hard bias layers 40 and 40, and the middle class 41 
and 41 was performed using the ion beam spatter method for having an anisotropy. 
r02381 The hard bias layers 40 and 40 are formed in the height location where the topmost part 40b and 
40b of Multilayers T and side-face 40a of the side which counters laps with the top face 37al of 2nd tree 
magnetic layer 37a with the gestalt of this operation. That is, membranes are formed to the side face ol 
multilayers [ of the hard bias layer 40 ] T, side-face 40a [ of the side which counters ], and 2nd free 
magnetic layer 37a, and the height location which counters, and the side face of 1st free magnetic layer 
37c is formed so that it may not counter. However, you may make it side-face 40a of the hard bias layer 
40 counter with the side face of the side face of the fixed magnetic layer 35, the side face of the non- 
magnetic material layer 36, 2nd free magnetic layer 37a, nonmagnetic interlayer 37b, and 1st free 
magnetic layer 37c, as shown in drawing 7 . . 

r02391 The hard bias layer 40 has arranged only the magnetization direction of 2nd free magnetic layer 
37a among 2nd free magnetic layer 37a which constitutes the free magnetic layer 37, and 1st free 
magnetic layer 37c. If the magnetization direction of 2nd free magnetic layer 37a is arranged in the fixed 
direction, 1st free magnetic layer 37c will be in the ferrimagnetism condition that the magnetization 
direction serves as anti-parallel, and the magnetization direction of the free magnetic layer 37 whole will 
be arranged in the fixed direction. 

[02401 With the gestalt of this operation, the hard bias layer 40 mainly gives the static magnetic field ot 
the direction of illustration X to 2nd free magnetic layer 37a. Therefore, it can suppress that the 
magnetization direction (the direction of illustration X and reverse sense) of 1st free magnetic layer 37c 
is disturbed by the static magnetic field of the direction of illustration X generated from the hard bias 

mSl] Next, at the process shown in drawing 17 , the 1st electrode layers 42 and 42 are formed from the 
predetermined include angle theta 3 on an interlayer 41 and 41 to the direction of a normal of subsfrate 
30 front face. The 1st electrode layers 42 and 42 consist of an electrode of the pair which opened the 
predetermined spacing Spl crosswise [ truck ], and was formed in the both-sides field of Multilayers T. 
[0242] Under the present circumstances, the 1st electrode layers 42 and 42 may be formed even in 
slitting section Rl a formed in the inferior surface of tongue of the resist layer Rl in which it was 
prepared on Multilayers T, and Rl a. „ ... 

[0243] In addition, when forming the 1st electrode layers 42 and 42, as shown in drawing 13 it is 
desirable to form the depth die length Zl of the height direction of the 1st electrode layers 42 and 42 for 
a long time than the depth die length Z2ofthe height direction of Multilayers T 
[02441 And after lift off removes the resist layer Rl, using resist exfoliation liquid, as it is shown m 
drawing 18 , the resist layer R2 for lift off in which slitting section R2a and R2a were formed is formed 
on Multilayers T and the 1st electrode layer 42, and 42. 

r02451 Next the 2nd electrode layer 43 and 43 is formed from the predetermined mclude angle theta 4 
on the 1st electrode layer 42 and 42 to the direction of a normal of substrate 30 front face. By using such 
a manufacture approach, spacing Sp2 of the truck cross direction of the electrode of the pan which 
constitutes the 2nd electrode layers 43 and 43 can be made larger than the spacing Spl of the truck cross 
direction of the electrode of the pair which constitutes the 1st electrode layer 42 and 42 electrode layers. 
[0246] Under the present circumstances, the 2nd electrode layers 43 and 43 may be formed even in 
slitting section R2a formed in the inferior surface of tongue of the resist layer R2, and R2a. 
[02471 When forming the 1st electrode layers 42 and 42 and the 2nd electrode layers 43 and 43 For 
example leaning aslant the target formed by the presentation of the 1st electrode layers 42 and 42 or the 
2nd electrode layers 43 and 43 to the substrate 30 with which Multilayers T were formed, and moving or 
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rotating said target on said substrate 30 The 1 st electrode layers 42 and 42 or the 2nd electrode layers 43 
and 43 are formed on an interlayer 41 and 41 by the spatter which combined the ion beam spatter 
method, the long slow spatter method, the collimation spatter method, or them. 
[02481 Or said target may be fixed, and a substrate 30 side may be moved or rotated m the direction ot 
slant to said target. Moreover, as shown in drawing 18 , on the resist layer R2, layer 43A of the same 
presentation as the 2nd electrode layers 43 and 43 is formed. 

Fo2491 In addition, it is desirable to make the membrane formation include angle theta 4 when forming 
the 2nd electrode layers 43 and 43 larger than the membrane formation include angle theta 3 when 
forming the electrode layer of the 1st electrode layers 42 and 42. By considering as the membrane 
formation include-angle theta4> membrane formation include angle theta 3, the include angle theta 1 
which a flat surface parallel to a multilayers T front face and the tangential plane of the front end edge of 
the 2nd electrode layer 43 make can be made smaller than the include angle theta 2 which a flat surface 
parallel to a multilayers T front face and the tangential plane of the front end edge of 1st electrode layer 
42** make 

[0250] If thetal<theta2, supply of the current to Multilayers T can be stabilized from the 1st electrode 
layers 42 and 42 by which direct continuation is carried out to Multilayers T. 

r02511 Moreover, in order to suppress that the distance between the up shielding layer [ / near the both 
sides of Multilayers T ] 45 and the lower shielding layer 31 becomes large and to make small the direct- 
current-resistance value of a magnetic sensing element, it is desirable to make thickness t2 of the 2nd 
electrode layer 43 thicker than the thickness tl of the 1 st electrode layer 42. 

[02521 Moreover, so that it may be hard to generate a smear in the process which grinds an opposed face 
with the record medium of a magnetic sensing element for the 1st electrode layers 42 and 42 which are 
electrode layers of the lowest layer electrically connected with Multilayers T, and adjusts a direct- 
current-resistance value It is desirable to form using hard ingredients, such as W, Ta, Rh, Ir, and Ru and 
to form the 2nd electrode layers 43 and 43 using the small ingredient of specific resistance, such as Cr, 

[0253^^ inMultilayers T, the 1st electrode layers 42 and 42, and the 2nd electrode layers 43 and 43, 
after lift off removes the resist layer R2, using resist exfoliation liquid, as shown m drawin g 19 , the up 
gap layer 44 is formed. . . 

[0254] Furthermore, at the process shown in drawing 20 , the laminating of the resist layer R3 for lift oft 
by which the slitting section was formed in the 1st electrode layer 42 which is an electrode layer of 
Multilayers T and the lowest layer, and the field which laps with the part on 42 is earned out and the 
part on the 1st electrode layer and the ** 2 electrode layer 43, and the insulating layers 50 and 50 that 
lap with all the fields on 43 are formed from across to a substrate 30. ... 
[0255] After lift off removes the resist layer R3, using resist exfoliation liquid, as it is shown in drawin g 
21 the magnetic sensing element of drawing 2 is completed through the process which forms the up 
shielding layer 45 on the up gap layer 44, and forms a protective layer 46 on the up shielding layer 45. 
[0256] In the manufacture approach of the above-mentioned magnetic sensing element In addition the 
1st electrode layers 42 and 42, It is the field which laps only with the 1st electrode layers 42 and 42 
among the 2nd electrode layers 43 and 43. The distance between the up shielding [ layer 45 in the ^ fields 
SI and SI which do not lap with insulating layers 50 and 50, and the lower shielding layer 31 Gls, When 
distance between the up shielding layer 45 in the location which laps with the center C of Multilayers T, 
and the lower shielding layer 31 is set to Glc It is desirable to set up the thickness of each class which 
constitutes a magnetic sensing element so that it may become below the value from which the effective 
width of recording track of a magnetic sensing element is set to 0.17 micrometers in said value of the 
difference of Glc with said Gls. 

[02571 It is desirable to specifically set said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+90nm. It is setting said Gls and said value of Glc as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably. It is setting said Gls and said value of Glc as the range which 
fills Glc-20 nm<=Gls<=Glc+30nm still more preferably. 

[0258] Or it is desirable to set said Gls and said value of Glc as the range which tills U.o / 
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<=Gls/Glc<=2 50. It is setting said Gls and said value of Glc as the range which fills 0.67 
<=Gls/Glc<=2.17 more preferably. It is setting said Gls and said value of Glc as the range which fills 
0 67 <=Gls/Glc<=1.50 still more preferably. . 
[02591 By making the value of said difference of Gls and Glc below into a predetermined value it can 
suppress that the distance between the up shielding layer [ / near the both sides of Multilayers T ] 45 and 
the lower shielding layer 31 becomes large, and effective width-of-recording-track E-Tw can be made 

r02601 Moreover, also with the gestalt of this operation, the polar zone L is used as the thin 1st electrode 
laver monolayer [ near the multilayers T ], and thickness of the polar zone L which is separated from 
Multilayers T is enlarged by carrying out the laminating of the 2nd electrode layer on the 1st electrode 

r02611 Consequently, the direct-current-resistance value of a magnetic sensing element can be made 
small, making small distance between the up shielding layer [ / near the both sides of Multilayers T ] 45, 
and the lower shielding layer 31. 

r02621 Moreover [ near the multilayers T ], since the 1st electrode layer 42 can be formed thinly, the 
level difference D formed of the front face of Multilayers T and side-face 42a of the 1st electrode layer 
42 can be made low. Therefore, even if it makes thickness of the up gap layer 44 small, the up gap layer 
44 can be certainly formed on this level difference D. Namely, the electric short circuit between the up 
shielding layer 45 and the polar zone L can be more certainly prevented now. 

[0263] As mentioned above, although the manufacture approach of the magnetic sensing element shown 
in drawing 2 was explained, the magnetic sensing element shown in drawing 1 can be formed by 
omitting formation of insulating layers 50 and 50. Moreover, within limits which said Gls and said value 
of Glc mentioned above, if said Gls and said value of Glc are made into Gls=Glc, the magnetic sensing 
element of drawing 3 can be formed, and if Gls<Glc, the magnetic sensing element of drawing 4 can be 

rO^Moreover, the magnetic sensing element of drawing 5 can be formed by not forming the 1st 
electrode layers 42 and 42, but carrying out the laminating of the 2nd electrode layers 43 and 43 directly 

on an interlayer 41 and 41. _ v * r u j 

[0265] So that the width method of the insensible fields d and d of Multilayers T may be beforehand 
measured using another magnetic sensing element using the micro truck profile method etc. and only 
these insensible field d and d top may be covered, when forming the magnetic sensing element of 
drawing 8 What is necessary is just to form the 1st electrode layers 42 and 42 even in the slitting circles 
of said resist layer, when forming the resist layer for lift off and forming the 1st electrode layers 42 and 
42 

[02661 What is necessary is just to form the bias substrate layers 39 and 39 from [ to the front face of a 
substrate 30 ] a normal, as shown in drawing 22 when forming the magnetic sensing element shown in 
drawing 9 For example, the target for carrying out spatter membrane formation of the bias substrate 
layers 39 and 39 is made to counter so that it may become parallel to a substrate 30, and the angular 
distribution of sputtered particles Sa forms by the narrow good approach (spatter which combined the 
ion beam spatter method, the long slow spatter method, the collimation spatter method, or them) of 
rectilinear-propagation nature. There are almost no sputtered particles deposited on the side face of 
Multilayers T by this, and membranes can be formed only on extension section 34b of the 
antiferromagnetism layer 34 in Multilayers T. 

[02671 Furthermore, by forming membranes using the spatter of modality [ layers / 40 and 40 / hard 
Was ] or an anisotropy, as shown in drawing 9 , the side faces 40a and 40a by the side of the multilay ers 
T of the hard bias layers 40 and 40 can touch the side face of 2nd free magnetic layer 37a directly. Then, 
the hard bias layers 40 and 40 and 2nd free magnetic layer 37a become a continuum magnetically, it can 
prevent an anti-field occurring in the side edge section of 2nd free magnetic layer 37a, and stability 



By setting up the location of edge Rib of the resist layer Rl, and Rib, the angular distribution of 
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not to be formed on the side face of Multilayers T at all, The bias substrate layers 39 and 39 are formed 
on the side face of Multilayers T in the range which is not formed on the side face of 2nd free magnetic 
layer 37a and 1st free magnetic layer 37c, It can become either among the bias substrate layers 39 and 
39 being formed on the side face of Multilayers T so that the thickness of the hard bias layers 40 and 40 
and the bias substrate layers 39 and 39 between 2nd free magnetic layer 37a may be set to lnm or less. 
[0269] moreover, in order to form the polar zone L which consists of a three or more-layer electrode 
layer as shown in drawing 12 It forms on the electrode layer of the maximum upper layer among the 
already formed two or more layers electrode layers from Multilayers T, applying the resist layer for lift 
off in which the slitting section was formed. What is necessary is to form still more nearly another 
electrode layer from a predetermined membrane formation include angle to the direction of a normal of 
said substrate on the electrode layer of said maximum upper layer, and just to repeat the process which 
removes the account resist layer of back to front. 

[0270] The resist layer which carries out the mask of the multilayers T in the process shown in drawing 
17 from drawing 14 is used as the resist layer Rl for lift off which was formed by the two-layer resist 
method, the image reversing method, etc. and which cuts deeply and has section Rl a and Rl a. 
[0271] However, in this invention, as shown in drawing 23 , the mask of the wrap field may be carried 
out for the field of optical width-of-recording-track O-Tw of the magnetic sensing element to form using 
the resist layer R4 which does not have the slitting section. When forming optical width-of-recording- 
track O-Tw by the width method 0.2 micrometers or less, it is effective to form the resist layer R4 which 
does not have the slitting section using electron beam lithography etc. 

[0272] After formation of the resist layer R4, as shown in drawing 24 , the both sides of Multilayers T 
are deleted by etching. 

[0273] At the process furthermore shown in drawing 25 , the bias substrate layers 39 and 39, the hard 
bias layers 40 and 40, interlayers 41 and 41 , and the 1st electrode layers 42 and 42 are formed on both 
sides of Multilayers T. 

[0274] In this invention, the 1st electrode layers 42 and 42 can be formed thinly [ near the multilayers 
T ], and the height dimension t3 of the level difference D formed of the front face of Multilayers T and 
the' side face of the 1st electrode layers 42 and 42 can be made low. Therefore, even if the resist layer R4 
cuts deeply and it does not have the section, the resist layer R4 is certainly removable after membrane 
formation of the 1st electrode layers 42 and 42. 

[0275] In addition, the laminating of the inductive head for record may be carried out to the magnetic 
sensing element of this invention, and the record playback compound-die magnetic head may be 
constituted. 
[0276] 

[Example] The surfacing type magnetic head is formed using the magnetic sensing element of the 
structure shown in drawing 1 . The distance Glc between the up shielding layer 45 in the location which 
laps with the center C of the multilayers T of a magnetic sensing element, and the lower shielding layer 
31 is fixed. It is the field which laps only with the 1st electrode layers 42 and 42. Effective width-of- 
recording-track (effective read width) E-Tw when changing the distance Gls between the up shielding 
layer 45 in the fields S and S which do not lap with the 2nd electrode layers 43 and 43, and the lower 
shielding layer 3 1 was measured. 

[0277] Measurement of effective width-of-recording-track E-Tw was performed using the full truck 
profile method explained previously (refer to the drawing 2727 ). 

[0278] Glc of the magnetic sensing element used for measurement set [ 60nm and optical width-of- 
recording-track O-Tw ] the magnetic flying height from 0.1 micrometers and a record medium to 18nm 
for 0.15 micrometers and the height direction die length Z2 of Multilayers T. Moreover, it investigated 
about two kinds when considering as the time of making the value of the residual magnetization x 
thickness of 40 of a hard bias layer, and 40 into 7.5 T-nm, and 2 1 .7 T-nm of cases. 
[0279] The graph which shows the relation between the value of said difference of Gls and Glc and 
effective width-of-recording-track E-Tw to drawing 26 is shown. 

[0280] The graph of drawing 26 shows that effective width-of-recording-track E-Tw becomes small, 
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when said value of Gls becomes small. - . , J/( a- 

[02811 When the value of the residual magnetization x thickness of 40 of a hard bias layer and 40 is 
made into 7 5 T-nm, in order to set effective width-of-recording-track E-Tw to 0.17 micrometers or less, 
the value of said difference of Gls and Glc is understood [ 90nm or less, then ] are good. Furthermore, 
70nm or less, then effective width-of-recording-track E-Tw are made to 0.167 micrometers or less by 
the value of said difference of Gls and Glc, and 30nm or less, then effective width-of-recording-track E- 
Tw are made to 0.165 micrometers or less by the value of said difference of Gls and Glc. 
[02821 Moreover, when the value of the residual magnetization x thickness of 40 of a hard bias layer and 
40 is made into 21.7 T-nm, 70nm or less, then effective width-of-recording-track E-Tw are made to 0.16 
micrometers or less by the value of said difference of Gls and Glc, and 30nm or less, then effective 
width-of-recording-track E-Tw are made to 0.157 micrometers or less by the value of said difference of 

Gls and Glc. „ „ . , . , , - . , 

[0283] In addition, in order to form the hard bias layers 40 and 40 of sufficient thickness, being referred 

to as Gls-Glc>=-20nm is desirable. . 
[0284] We decided to make said Gls and said value of Glc desirable [ setting it as the range which fills 
Glc-20 nm<=Gls<=Glc+90nm ] in this invention, and to set it as the range which fills Glc-20 
nm<=Gls<=Glc+70nm more preferably from these results, and to set it as the range which fills Glc-20 
nm<=Gls<=Glc+30nm still more preferably. 

[0285] Moreover, we presupposed that it is desirable to set said Gls and said value of Glc as the range 
which fills 0 67 <=Gls/Glc<=2.50 from that said Glc is 60nm, and the above-mentioned above Gls and 
the range of said desirable value of Glc, and decided more preferably to set it as the range which fills 
0.67 <=Gls/Glc<=2.17, and to set it as the range which fills 0.67 <=Gls/Glc<=l .50 still more preferably. 

[Effect of the Invention] According to this invention explained to the detail above, by making the value 
of said difference of Gls and Glc below into a predetermined value, distance between said up shielding 
layer [ / near the both sides of said multilayers ] and said lower shielding layer can be made small, and 
the effective width of recording track can be made small. 

[0287] Moreover, in this invention, two or more layer laminating of the electrode layer which consists ot 
an electrode of the pair opened and formed is carried out [ spacing / predetermined to the truck cross 
direction ] in said polar zone. The upper electrode layer in the place which formed said polar zone thinly 
[ near / said / the multilayers ], and is distant from said multilayers by having enlarged spacing of the 
truck cross direction of the electrode of said pair Thickness of said polar zone is enlarged by carrying 
out two or more layer laminating of said electrode layer. 

[0288] Consequently, it can suppress that the direct-current-resistance value of a magnetic sensing 
element becomes large, making small distance between said up shielding layer [ / near the both sides of 
said multilayers ], and said lower shielding layer. 

[0289] Moreover, in this invention, since said polar zone can be formed thinly [ near / said / the 
multilayers ] the level difference formed of the front face of said multilayers and the side face of said 
polar zone can be made low. Therefore, even if it makes thickness of said up gap layer small, said up 
gap layer can be certainly formed on this level difference. Namely, the electric short circuit between said 
up shielding layers and said electrode layers can be more certainly prevented now. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 1st of this invention from the opposed face side with a record medium, 

[Drawing 21 The sectional view which looked at the magnetic sensing element of the gestalt ot operation 
of the 2nd of this invention from the opposed face side with a record medium, 

[Drawing 31 The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 3rd of this invention from the opposed face side with a record medium, 

[Drawing 41 The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 4th of this invention from the opposed face side with a record medium, 

[Drawing 51 The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 5th of this invention from the opposed face side with a record medium, 

[Drawing 61 The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 6th of this invention from the opposed face side with a record medium, 

[Drawing 71 The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 7th of this invention from the opposed face side with a record medium, 

[Drawing 81 The sectional view which looked at the magnetic sensing element of the gestalt of operation 
of the 8th of this invention from the opposed face side with a record medium, 

[Drawing 91 The sectional view which looked at the magnetic sensing element of the gestalt of operation 

of the 9th of this invention from the opposed face side with a record medium, 

[Drawing 101 The sectional view which looked at the magnetic sensing element of the gestalt of 

operation of the 10th of this invention from the opposed face side with a record medium, 

[Drawing 111 The sectional view which looked at the magnetic sensing element of the gestalt of 

operation of the 1 1th of this invention from the opposed face side with a record medium, 

[Drawing 121 The sectional view which looked at the magnetic sensing element of the gestalt of 

operation of the 12th of this invention from the opposed face side with a record medium, 

[Drawing 131 The top view which looked at Multilayers T, the 1st electrode layers 42 and 42, and the 

2nd electrode layers 43 and 43 of the magnetic sensing element shown in drawing 1 from the illustration 

upper part of drawing 1 , 

[Drawing 141 1 process drawing showing the gestalt of implementation of the manufacture approach ot 
the magnetic sensing element of this invention, 

[Drawing 151 1 process drawing showing the gestalt of implementation of the manufacture approach ot 
the magnetic sensing element of this invention, 

[Drawing 161 1 process drawing showing the gestalt of implementation of the manufacture approach ot 
the magnetic sensing element of this invention, 

[Drawing 171 1 process drawing showing the gestalt of implementation of the manufacture approach ot 
the magnetic sensing element of this invention, 

[Drawing 181 1 process drawing showing the gestalt of implementation of the manufacture approach ot 
the magnetic sensing element of this invention, 
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[Drawing 191 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 201 1 process drawing showing the gestalt of implementation of the manufacture approach of 

the magnetic sensing element of this invention, 

[Drawing 211 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, . . , , - 

[Drawing 221 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 231 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, . r „u ~r 

[Drawing 241 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, . , , c , , r 

lowing 251 1 process drawing showing the gestalt of implementation of the manufacture approach of 
the magnetic sensing element of this invention, 

[Drawing 261 The graph which shows the relation between the value of said difference of Gls and Glc, 
and the effective width of recording track, 

rDrawing 271 The graph for explaining the full truck profile method, 

[Drawing 281 The sectional view which looked at the conventional magnetic sensmg element from the 
opposed face side with a record medium, 
[Description of Notations] 

31 Lower Shielding Layer 

32 Lower Gap Layer 

33 Substrate Layer 

34 Antiferromagnetism Layer 

35 Fixed Magnetic Layer 

35a The 1st fixed magnetic layer 

35b Nonmagnetic interlayer 

35c The 2nd fixed magnetic layer 

36 Non-magnetic Material Layer 

37 Free Magnetic Layer 

37a The 2nd free magnetic layer 
37b Nonmagnetic interlayer 
37c The 1st free magnetic layer 

38 Protective Layer 

39 Bias Substrate Layer 

40 Hard Bias Layer 

41 Interlayer 

42 1st Electrode Layer 

43 2nd Electrode Layer 

44 Up Gap Layer 

45 Up Shielding Layer 

46 Protective Layer 
T Multilayers 
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[Drawing 41 
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[Drawing 221 
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[Drawing 241 
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